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  Animals moderate their behavior in response to the external world such as light condition, 
food condition, and physical stimuli.  The response to the external world is well examined in 
Drosophila melanogaster, the fruit fly.  Food availability is known to affect locomotor activity 
and sleep of fly.  Starvation suppresses sleep and induces locomotor activity for foraging 
behavior of adult flies.  The relationship between starvation tolerance and sleep was reported 
in artificially selected populations under starved condition and also among 24 lines from 
worldwide natural populations, but only when an outlier line was excluded.  These reports 
suggest the possibility that there are two strategies for adaptation to starvation; enhancing 
foraging behavior and conserving energy through prolonged sleep.  However, there is limited 
information on how these strategies are realized in natural populations.   
  The reduced responsiveness to the external world is the most critical feature of sleep.  
Decreased responsiveness to vibratory stimuli in Canton-S flies, which had been inactive for 5 
min or longer was reported.  Thus, sleep of fly is defined as 5 min or longer inactive-bouts.  
However, variation in sleep onset latency among different lines has not been investigated. 
  I quantified sleep-related traits in 21 wild-derived Drosophila melanogaster inbred lines from 
Katsunuma under fed and starved conditions.  I found that lines with larger starvation-induced 
reduction levels of total time in sleep live shorter under starved condition compared to lines 
with smaller reduction levels.  In particular, starvation-induced changes in sleep bout length 
had a strong association with survival time.  This supports that sleep bout length regulation 
might contribute to starvation tolerance.  I also attempted to develop a new way to distinguish 
sleep bout from simple inactive-bout using a new index, switching point from monotonic 
decrease (SPMD) in inactive-bout length distribution, to analyze sleep onset latency without 
applying stimuli.  The analysis of sleep onset latency using SPMD revealed variation during 
nighttime among Katsunuma lines, a significant effect of light condition on SPMD, and no 
significant effect of food condition on SPMD.  These analyses revealed possible genetic 
variation underlying sleep onset latency.  Taken together, these results from naturally occurring 
variation in sleep-related traits provided useful information for further investigation of genetic 
factors regulating multiple features of sleep and activity of flies.  
  




  Sleep or sleep-like status is conserved from mammals to insects (Allada and Siegel, 2008).  
Drosophila melanogaster, a fruit fly species, also shows sleep behavior and is widely used as a 
model system for investigation of sleep (Shaw et al., 2000; Hendricks et al., 2000).  Sleep is 
regulated by two processes; sleep homeostasis and circadian rhythm (Borbély, 1982).  Thus, 
sleep is affected by genetic factors underlying these processes.  Investigation in wild-derived 
inbred lines, the Drosophila Genetic Reference Panel (DGRP) lines revealed large variations in 
the sleep-related traits within a natural population and identified candidate genes affecting the 
variation, some of which also had human homologues (Mackay et al., 2012; Harbison et al., 
2013).  Investigation of wild-derived lines from a different natural population may contribute 
to identifying different set of candidate genes that regulate variation in sleep features. 
Sleep of flies is also affected by non-genetic factors such as nutrition availability.  It is 
known that starvation induces sleep suppression and enhances locomotor activity for foraging 
behavior (Keene et al., 2010).  This study suggests that flies respond to starvation by enhanced 
foraging behavior.  The possibility that flies take an additional strategy to tolerate starvation by 
conserving energy through prolonged sleep has been suggested in later studies (Masek et al., 
2014; Brown et al., 2018).  The relationship between starvation tolerance and sleep was 
reported in artificially selected populations under the starved condition (Masek et al., 2014).  
In these populations, the total time in sleep under the fed condition and the survival time under 
the starved condition were larger and the starvation-induced changes in the total time in sleep 
were smaller than those in the control populations.  These changes support that some flies may 
take the strategy to conserve energy through sleep.  However, in this study, flies were treated in 
a condition that foraging will never result in a reward.  Thus, it is possible that this artificial 
selection led to a different evolutionary outcome from that under natural condition.  An 
association between starvation tolerance and sleep was also reported in the world-wide natural 
populations (Brown et al., 2018).  The difference of the total time in sleep between the fed and 
starved conditions had a positive correlation with the survival time under the starved condition 
with exception.  Those lines from world-wide natural populations have lived in the different 
environments and have been influenced by various confounding forces of natural selection.  
Investigating the relationship between starvation and sleep within a local natural population 
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with a relatively similar genetic background should be informative for understanding the 
consequences of adaptation to occasional food shortage in the wild. 
Sleep of flies is defined as a 5 min or longer inactivity bout, because flies have been inactive 
for 5 min or longer showed reduced response to vibratory, visual, or auditory stimuli (Shaw et 
al., 2000; Huber et al., 2004; Nitz et al., 2002).  Sleep of flies can be easily obtained by the 
data from the apparatus called Drosophila Activity Monitor (DAM2, Trikinetics, Waltham, MA).  
Previous studies reported that nutrition and light conditions affect the responsiveness to stimuli 
in sleeping flies, namely, arousal thresholds; more flies responded to stimuli in the light 
condition than in the dark condition and under the low nutrition condition than under the 
sufficient nutrition condition (Huber et al., 2004; Hasegawa et al., 2017).  However, variation 
in sleep onset latency, the period of inactive-bouts until the onset of sleep, in a natural 
population and the effects of light condition and starvation on sleep onset latency remain 
unclear. 
  In this study, I investigated the variation in the sleep-related traits including sleep onset 
latency, the effect on them by light and food conditions and the relationship between sleep and 
starvation tolerance in the 21 wild-derived inbred lines from Katsunuma, Japan.  Wild-derived 
inbred lines are expected to represent more similar genetic variants to a natural population than 
artificially selected lines.  First, I analyzed the sleep-related traits under the fed condition to 
investigate the basic state.  Second, I calculated the sleep-related traits under the starved 
condition and compared them with those under the fed condition.  I also measured the survival 
time under the starved condition and analyzed the relationship between the survival time and the 
sleep-related traits.  Third, I defined switching point from monotonic decrease (SPMD) in 
inactive-bout length distribution as a potential index of sleep onset latency and analyzed its 
variation among the lines under the different light and food conditions. 
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2. Materials and methods 
 
2-1  Fly strains 
Twenty-one Katsunuma (KA) lines of D. melanogaster, KA13001, KA13006, KA13010, 
KA13017, KA13021, KA13022, KA13023, KA13024, KA13025, KA13026, KA13027, 
KA13028, KA13029, KA13030, KA13032, KA13033, KA13035, KA13037, KA13038, 
KA13067, KA13088, were used for the experiments.  The Katsunuma lines are the 
wild-derived inbred lines (sib-mated for 20-21 generations except KA13033, which was 
sib-mated for 12 generations) established from flies collected at Katsunuma of Koshu city in 
Yamanashi prefecture (N 35°65’, E 138°71’) in 2013.  Flies were maintained under 12 h:12 h 
light-dark cycle at 25°C and fed with standard corn meal food with dry sterilized yeast, glucose 
and agar. 
 
2-2  Monitoring locomotor activity 
Female flies at 7 days after eclosion were anesthetized using CO2, then individually placed 
into glass tubes (length, 65 mm; diameter, 5 mm) containing 5% sucrose and 2% agar food. 
Females were used in this study, because males are less resistant to starvation (Mackay et al., 
2012).  Sixteen flies were used for each measurement.  Fly activity was monitored for 6 days 
by Drosophila Activity Monitors (DAM2, Trikinetics, Waltham, MA) following the 
manufacturers protocol.  DAM2 measures locomotor activity of each fly by counting the 
number of times the fly crosses infrared beam.  These data were used to quantify sleep-related 
traits.  The measurements were replicated 3 times using different sets of individuals. 
 
2-3  Quantification of activity and sleep-related traits 
Total activity was calculated as the sum of the total number of times a fly crossed infrared 
beam during a certain period of time.  Waking activity was calculated as follows: [Total 
activity (counts)] / [Waking time (min)] (Chiu et al., 2010).  Total time in five-min standard 
sleep was calculated by extracting inactive-bouts of 5 min or longer (Shaw et al., 2000).  Sleep 
bout number was calculated as the number of inactive-bouts of 5 min or longer, and sleep bout 
length was calculated as follows: [The sum of length of all inactive-bouts of 5 min or longer 
(min)] / [The total number of sleep bouts] (Pitman et al., 2006).  These traits were quantified 
by using custom R script (Appendix 1-6; R core team, 2018).  
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2-4  Starvation-induced changes in sleep-related traits and survival index under starved 
condition 
For starved condition, flies were individually placed into glass tubes containing 2% agar food 
and monitored by DAM2 with flies under fed condition (5% sucrose and 2% agar food). 
Starvation-induced changes in sleep-related traits were calculated as follows: ([Trait under the 
starved condition - Trait under the fed condition] / [Trait under the fed condition]) × 100.  
Survival time under the starved condition was defined as the last activity time point in min from 
the final recorded activity bout for each fly.  Fifty percent lethal time (LT50) was calculated in 
each replication.  Sleep-related traits under the fed and starved conditions and survival time 
under the starved condition were quantified by using custom R script (Appendix 7-10; R core 
team, 2018). 
 
2-5  Switching point from monotonic decrease (SPMD) in inactive-bout length 
distribution 
The frequency distribution of inactive-bout length was obtained by quantifying each 
inactive-bout length and calculating the frequency of each bout length for each fly.  Then, 
SPMD was defined as the point in min when the monotonic decrease in frequency of 
inactive-bout switches to a different phase and the frequency becomes higher than that of the 
previous min category (Figure 9 A).  SPMD of each fly was extracted by using custom R script 
(Appendix 11-12; R core team, 2018).  Total time in SPMD-based sleep was calculated by 
extracting inactive-bouts, of which lengths were more than equal to the average SPMD of the 
line.  These traits were quantified by using custom R script (Appendix 13; R core team, 2018). 
 
2-6  Data exclusion 
In all the measurements, data from individuals that showed abnormal values (i.e. more than 
256 activities in 1 min, more than 12 hour inactive-bout, and/or less than 3 min survival time 
under the starved condition), died during measurement under the fed condition, got wounded, or 
placed in glass tube with mold were excluded. 
 




3-1  The sleep-related traits of the Katsunuma lines under the fed condition in the light 
and dark periods 
3-1-1  The locomotor activity and sleep profiles of the Katsunuma lines across 24-h 
period 
 Locomotor activity and sleep of flies show daily rhythm (Shaw et al., 2000; Hendricks et al., 
2000).  In order to investigate variation in rhythmicity of daily locomotor activity and sleep, 
locomotor activity and sleep profiles across 24-h period of the flies from the Katsunuma lines 
were investigated.  These traits were obtained from the DAM2 data of fed flies during 2 to 4 
days after the measurements had started.  Most of the Katsunuma flies showed typical 
locomotor activity and sleep patterns with small variations among replicates (Figure 1).  Some 
lines showed atypical patterns.  In particular, the sleep of KA10 and KA38 indicated two 
distinct peaks in the dark period (Figure 1 C’, S’).  The sleep of KA26 in the dark period 
increased with time and showed a maximum length during 23 to 24 hour periods, but dropped 
abruptly when the light was turned on (Figure 1 J’).  The hourly locomotor activity of KA88 
showed relatively small fluctuation across 24-h period, but time in sleep showed large 
fluctuation (Figure 1 U, U’).  
 
3-1-2  The variation in the sleep-related traits in the Katsunuma lines between the light 
and dark periods 
  Sleep-related traits such as waking activity, total time in sleep, sleep bout number, and sleep 
bout length show variation among inbred lines (Harbison et al., 2013).  In order to investigate 
such variation in the Katsunuma lines between the light and dark periods, total activity, total 
time in sleep, waking activity, sleep bout number, and sleep bout length in the light and dark 
periods were obtained from the DAM2 data of fed flies during 2 to 4 days after the 
measurements had started.  The total activity of the Katsunuma lines ranged between 291 and 
1303 counts per 12 h in the light period and between 430 and 1975 counts per 12 h in the dark 
period (Figure 2 A).  The waking activity of the Katsunuma lines ranged between 0.91 and 
2.49 counts per 12 h in the light period and between 1.26 and 3.50 counts per 12 h in the dark 
period (Figure 2 B).  The total time in sleep of the Katsunuma lines ranged between 1.7 and 
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8.2 h per 12 h in the light period and between 1.4 and 8.3 h per 12 h in the dark period (Figure 2 
C).  The sleep bout number of the Katsunuma lines ranged between 6.8 and 29.9 times per 12 h 
in the light period and between 7.5 and 20.9 times per 12 h in the dark period (Figure 2 D).  
The sleep bout length of the Katsunuma lines ranged between 7.9 and 31.8 min in the light 
period and between 9.2 and 85.0 min in the dark period (Figure 2 E).  The two-way ANOVA 
for each sleep-related trait of the Katsunuma lines between the light and dark periods revealed 
that there were significant effects of line, light condition, and their interaction in all the 5 traits 
(Table 1, 4, 7, 10, 13).  Since interaction was significant, the one-way ANOVA for each 
sleep-related trait was performed in each light condition and revealed that there was a 
significant variation among the Katsunuma lines in the both light and dark periods in all the 
traits (Table 2, 3, 5, 6, 8, 9, 11, 12, 14, 15). 
 
3-1-3  The effect of the light condition on the sleep-related traits in the Katsunuma lines 
  In order to compare the sleep-related traits between light and dark periods, a correlation 
analysis between light and dark periods was performed for each sleep-related trait.  The total 
activity and waking activity between the light and dark periods had a significant positive 
correlation (Figure 3 A, B), while the total time in sleep between the light and dark periods 
showed no correlation (Figure 3 C).  Sleep is composed of two elements; the number and  
length of sleep bouts.  The sleep bout number between the light and dark periods had a 
significant positive correlation, but the correlation in the sleep bout lengths between the light 
and dark periods was not significant (Figure 3 D, E).  These results suggest that sleep of the 
Katsunuma lines might be differently regulated between the light and dark periods, especially 
the sleep bout length may be associated with this regulation. 
Although the one-way ANOVA revealed significant interactions between the sleep-related 
traits and light condition, the differences in these traits between light and dark periods can be 
tested by the binominal tests.  P-values are adjusted for multiple testing by Bonferroni’s 
correction.  The total activity in the dark period was larger than that in the light period in the 
17 Katsunuma lines out of 21 (p = 0.036) (Figure 3 A).  The waking activity in the dark period 
was larger than that in the light period in all the 21 Katsunuma lines (p = 4.769E-06) (Figure 3 
B).  The total time in sleep in the dark period was larger than that in the light period in the 12 
Katsunuma lines out of 21 (p = 1.000) (Figure 3 C).  The sleep bout number in the light period 
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was larger than in the dark period in the 16 Katsunuma lines out of 21 (p = 0.133) (Figure 3 D).  
The sleep bout length in the dark period was larger than that in the light period in the 18 
Katsunuma lines out of 21 (p = 0.007) (Figure 3 E).  These results suggest that the flies from 
the Katsunuma lines had tendencies to show a higher locomotor activity and a longer sleep bout 
in the dark period than in the light period. 
 
3-1-4  The effect of the intensity of activity on the sleep in the Katsunuma lines 
  It is possible that the quantities measured as the sleep-related traits merely reflect lethargy or 
hyperactivity of the flies in the Katsunuma lines.  In such case, a negative correlation between 
waking activity and total time in sleep is expected.  Thus, I investigated the relationship 
between these two traits in each light condition.  In the Katsunuma lines, there was no 
significant correlation between these traits in the both light and dark periods (Figure 4 A, B), 
which suggests that variation in the sleep-related traits of these lines do not result from lethargy 
or hyperactivity.
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3-2  The sleep-related traits in the Katsunuma lines under the starved condition 
3-2-1  The variation in the sleep-related traits in the Katsunuma lines under the starved 
condition 
  Starvation induces sleep deprivation and enhances foraging behavior in D. melanogaster 
(Keene et al., 2010).  In order to investigate the variation of the response to the nutritional 
stress in the Katsunuma lines, the sleep-related traits under the starved condition were analyzed 
and compared with that under the fed condition (control).  The sleep-related traits under the fed 
and starved conditions were obtained from the DAM2 data of the first dark period (12 hours) 
after starting the measurements.  The data of the flies that showed the last activity in the first 
dark period under the starved condition were excluded from the analyses.  The data of the flies 
that did not sleep at all in the first dark period were excluded from the analysis of the sleep bout 
length.  The LT50 under the starved condition was also analyzed and obtained from the DAM2 
data during 1 to 6 days after the measurements had started. 
  The total activity of the Katsunuma lines ranged between 436 and 1737 counts per 12 h under 
the fed condition and between 389 and 2191 counts per 12 h under the starved condition (Figure 
5 A).  The waking activity of the Katsunuma lines ranged between 1.41 and 3.46 counts per 12 
h under the fed condition and between 1.18 and 3.24 counts per 12 h under the starved condition 
(Figure 5 B).  The total time in sleep of the Katsunuma lines ranged between 2.1 and 8.1 h per 
12 h under the fed condition and between 0.3 and 8.3 h per 12 h under the starved condition 
(Figure 5 C).  The sleep bout number of the Katsunuma lines ranged between 8.0 and 21.1 
times per 12 h under the fed condition and between 2.2 and 23.5 times per 12 h under the 
starved condition (Figure 5 D).  The sleep bout length of the Katsunuma lines ranged between 
13.1 and 103.9 min under the fed condition and between 7.1 and 148.0 min under the starved 
condition (Figure 5 E).  The LT50 under the starved condition of the Katsunuma lines ranged 
between 19.4 and 57.7 hours under the starved condition (Figure 5 F). 
  The two-way ANOVA for each sleep-related trait of the Katsunuma lines under the fed and 
starved conditions revealed significant effects of line, food condition, and their interaction in the 
total activity, total time in sleep, and sleep bout number (Table 16, 20, 23).  The one-way 
ANOVA for the total activity, total time in sleep, and sleep bout number under the each food 
condition revealed a significant variation among the Katsunuma lines under the both fed and 
starved conditions (Table 17, 18, 21, 22, 24, 25).  In the waking activity under the fed and 
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starved conditions, there were significant effects of line and food condition, but their interaction 
was not significant (Table 19).  In the sleep bout length under the fed and starved conditions, 
there was a significant effect of line, but no effect of food condition and their interaction (Table 
26).  The one-way ANOVA for the LT50 under the starved condition revealed a significant 
variation among the Katsunuma lines (Table 27). 
 
3-2-2  The effect of the starvation on the sleep-related traits in the Katsunuma lines 
  In order to investigate the effect of starvation, the correlation analyses in each sleep-related 
trait between the fed and starved conditions were performed.  All traits (Total activity, waking 
activity, total time in sleep, sleep bout number, and sleep bout length) had a positive correlation 
between fed and starved conditions (Figure 6). 
  Then, differences between the fed and starved conditions were examined by the binominal 
tests.  P-values are adjusted for multiple testing by Bonferroni’s correction.  The total activity 
under the starved condition was larger than that under the fed condition in the 19 Katsunuma 
lines out of 21 (p = 0.001) (Figure 6 A).  The waking activity under the starved condition was 
larger than that under the fed condition in the 16 Katsunuma lines out of 21 (p = 0.133) (Figure 
6 B).  The total time in sleep under the starved condition was smaller than that under the fed 
condition in the 19 Katsunuma lines out of 21 (p = 0.001) (Figure 6 C).  The sleep bout 
number under the starved condition was smaller than that under the fed condition in the 18 
Katsunuma lines out of 21 (p = 0.007) (Figure 6 D).  The sleep bout length under the starved 
condition was smaller than that under the fed condition in the 16 Katsunuma lines out of 21 (p = 
0.133) (Figure 6 E).  These results suggest that the Katsunuma lines have the tendency to sleep 
less under the starved condition than under the fed condition. 
 
3-2-3  The relationship between the starvation tolerance and sleep-related traits in the 
Katsunuma lines 
  Previous studies reported a relationship between starvation tolerance and sleep.  The 
populations artificially selected under a starved condition showed a prolonged survival time 
under the starved condition and an enhanced total time in sleep both under the fed and starved 
conditions (Masek et al., 2014; Slocumb et al., 2015).  Also, a previous study for natural 
populations reported that there was a positive correlation between starvation-induced changes in 
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total time in sleep and survival time under a starved condition (Brown et al., 2018).  To 
investigate relationship between starvation tolerance and sleep-related traits, the correlation 
analyses between the LT50 under the starved condition and each sleep-related trait under the fed 
and starved conditions were performed. 
  The total activity, waking activity, total time in sleep, sleep bout number, and sleep bout 
length under the fed condition had no significant correlation with the LT50 (Figure 7 A – E).  
Under the starved condition, only the total time in sleep had a positive correlation with the LT50 
(Figure 7 A’ – E’).  Then, the correlation analyses between the LT50 under the starved 
condition and the starvation-induced changes in each sleep-related trait were performed in order 
to investigate the relationship between the LT50 and the response to starvation.  The 
starvation-induced changes in the total activity and waking time activity had no correlation with 
the LT50 under the starved condition (Figure 8 A, B).  But, the starvation-induced changes in 
the total time in sleep had a positive correlation with the LT50 (Figure 8 C).  Investigating the 
total time in sleep in detail, although the starvation-induced changes in the sleep bout number 
had no correlation with the LT50 (Figure 8 D), the starvation-induced changes in the sleep bout 
length had a strong positive correlation with the LT50 (Figure 8 E).  These results suggest that 
the starvation tolerance and the modulation of sleep, in particular, that of the sleep bout length, 
under the starved condition are strongly associated. 
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3-3  The SPMD in the inactive-bout length distribution in the Katsunuma lines 
Most of the previous studies defined sleep as a 5 min or longer inactive period, because it has 
been shown that flies that had been inactive for 5 min or longer rarely responded to vibratory, 
visual, or auditory stimuli (Shaw et al., 2000; Huber et al., 2004; Nitz et al., 2002).  This 
suggests that flies enter sleep phase after 5 min inactivity.  But it is possible that there is 
variation in sleep onset latency that deviates from 5 min. 
In order to distinguish a sleep bout from a simple inactive-bout, I focused on the frequency of 
inactive-bout length.  In the data from DAM2, inactive-bout is determined by the length of 
time (min) flies did not cross infrared beam.  Without circadian rhythm and sleep, the number 
of fly’s crossing infrared beam is expected to follow Poisson distribution, because the 
probability of fly’s crossing infrared beam is expected to be constant irrespective of time and 
other factors.  Although estimating the waiting time between activities correctly is difficult 
because of the nature of DAM2 data, which do not show the exact timing of crossing events but 
the number of events per minute, it should follow an exponential distribution.  Therefore, the 
frequency distribution of inactive-bout length without circadian rhythm and sleep should show 
monotonic decrease.  In the real data with circadian rhythm and sleep, the frequency of long 
inactive-bouts may be higher than that expected from the exponential distribution.  So, 
inactive-bout length distributions is likely to show a heavy-tailed distribution with a peak in min 
when the monotonic decrease in frequency of inactive-bout switches to a different phase, SPMD.  
I assume here that variation of SPMD among lines reflects genetic variation in sleep onset 
latency. 
 
3-3-1  The inactive-bout length distribution in the Katsunuma lines 
In order to investigate the genetic variation in the sleep onset latency among the lines, the 
SPMD of flies from the Katsunuma lines were obtained.  The inactive-bout length distributions 
in the light and dark periods were calculated from the DAM2 data of the fed flies during 2 to 4 
days after the measurements had started.  The inactive-bout length distribution of each fly 
showed a heavy-tailed distribution and SPMD were detected in the 955 individuals out of 978 
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3-3-2  The effect of the amount of the total activity on the SPMD in the Katsunuma lines 
  It is possible that the SPMD merely reflects differences in the amount of the total activity 
among the Katsunuma lines.  Thus, I investigated the effect of the total activity on the SPMD 
in each light condition.  The total activity and SPMD were obtained from the DAM2 data of 
fed flies that showed SPMD in the range of 2 to 4 days after the measurements had started.  
There was no correlation or any obvious relationship between the SPMD and total activity 
levels in the both light and dark periods (Figure 9 B, C).  This suggests that the SPMD is not a 
simple outcome of the amount of the total activity. 
 
3-3-3  The effect of the light condition on the SPMD in the Katsunuma lines 
  The SPMD of the Katsunuma lines in the 3-day period ranged between 5.8 and 9.3 min in the 
light period and between 5.8 and 8.1 min in the dark period (Figure 10 A).  The two-way 
ANOVA for the SPMD of the Katsunuma lines between the light and dark periods revealed that 
there was a significant effect of light condition and also a significant interaction between lines 
and light condition (Table 28).  The one-way ANOVA for the SPMD was performed in each 
light condition and revealed that there was a significant variation among the Katsunuma lines in 
the nighttime SPMD (Table 29, 30). 
Next, I compared the SPMD between the light and dark periods.  The correlation analyses 
revealed that there was no significant correlation in the SPMD between the light and dark 
periods (Figure 10 B).  The binominal test revealed that the SPMD in the light period was 
larger than that in the dark period in the 16 Katsunuma lines out of 21 (p = 0.027) (Figure 10 B).  
These results suggest that the SPMD shows different features between the light and dark 
periods. 
 
3-3-4  The effect of the food condition on the SPMD in the Katsunuma lines 
  As mentioned in Result 2-2, starvation changes the sleep-related traits of the Katsunuma lines.  
To investigate the changes in the SPMD induced by the starved condition, I quantified the 
SPMD under the starved condition and compared them with those under the fed condition.  
The SPMD under the fed and starved conditions were calculated by using the DAM2 data of the 
first dark period (12 hours) after starting the measurements.  The flies that showed the last 
activity in the first dark period under the starved condition or did not have SPMD were 
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excluded from the analyses.  The SPMD of the Katsunuma lines ranged between 5.0 and 22.6 
min under the fed condition and between 5.7 and 34.0 min under the starved condition (Figure 
11 A).  The two-way ANOVA for the SPMD of the Katsunuma lines under the fed and starved 
conditions revealed that there was a significant effect of lines (Table 31).  There was a positive 
correlation between the SPMD under the fed and starved conditions (Figure 11 B).  These 
results suggest that starvation does not affect SPMD. 
 
3-3-5  The sleep based on the SPMD in the Katsunuma lines 
  Previous study on Canton-S line defined sleep as a 5 min or longer inactivity, based on the 
weakened response to the vibratory stimuli after 5 min (Shaw et al., 2000).  Because SPMD is 
assumed to be reflecting the latency of sleep onset of each line, it may provide an appropriate 
sleep standard for each line instead of the conventional 5 min standard.  I compared the total 
time in the five-min standard sleep and SPMD-based sleep, using the DAM2 data from the fed 
flies in the range of 2 to 4 days after the measurements had started.  There was a strong 
positive correlation between the total time in the five-min standard sleep and SPMD-based sleep 
in each light condition (Figure 12).  These analyses revealed that the sleep quantification is not 
largely affected by using either the total time in the five-min standard sleep or the SPMD-based 
sleep in the Katsunuma lines. 
 




4-1  The sleep-related traits of the Katsunuma lines in the light and dark periods 
4-1-1  The locomotor activity and sleep profiles of the Katsunuma lines across 24-h 
period 
Some of the Katsunuma lines showed the atypical locomotor activity or sleep profiles across 
the 24-h period such as those showing two peaks of sleep in the dark period, KA10 and KA38 
(Figure 1 C’, S’), and those lacking the clear anticipated increase of the locomotor activity 
towards dawn, KA88 (Figure 1 U), but they did not show the distinctive difference from others 
in the quantities of the total activity and total time in sleep (Figure 2 A, C).  This suggests that 
genetic variation among lines can be detected not only in total activity and total time in sleep 
but also in their 24-h profiles, which may be useful for understanding yet unknown mechanisms 
of sleep and circadian rhythm.  The Katsunuma lines are inbred lines whose genes are expected 
to be mostly homozygous, and therefore, are expected to express more recessive phenotypes 
than flies in outbred natural populations.  The results also indicate that ample variations that 
affect circadian activity and sleep are segregating in natural populations.  It may be insightful 
for the sleep studies to utilize lines established from natural populations to investigate the 
frequency of such mutations. 
 
4-1-2  The variation in the sleep-related traits between the light and dark periods in the 
Katsunuma lines and DGRP lines 
The DGRP lines are the wild-derived isofemale lines established from a natural population 
collected at North Carolina, and the sleep-related traits of these lines were measured in the 
previous study (Harbison et al., 2013).  The DGRP lines slept 1.6–10.7 h in the light period 
and 2.0–11.5 h in the dark period, their sleep bout numbers were 7.5–35.0 times in the light 
period and 3.7–25.0 times in the dark period, and their sleep bout lengths were 7.9–50.8 min in 
the light period and 9.5–363.9 min in the dark period (Harbison et al., 2013).  While in the 
Katsunuma lines, the total time in sleep ranged between 1.7 and 8.2 h in the light period and 
between 1.4 and 8.3 h in the dark period, the sleep bout number of the Katsunuma lines ranged 
between 6.8 and 29.9 times in the light period and between 7.5 and 20.9 times in the dark period, 
and the sleep bout length ranged between 7.9 and 31.8 min in the light period and between 9.2 
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and 85.0 min in the dark period (Figure 2 C – E).  The maximum total time in sleep, sleep bout 
number, and sleep bout length in the Katsunuma lines were smaller than that of the DGRP lines.  
Although the experimental conditions such as food composition, humidity, and length of 
measurements are different between Harbison et al. (2013) and this study, the present results 
may suggest that the Katsunuma lines slept less frequently and shorter than the DGRP lines.  
Measuring the sleep-related traits of the DGRP lines under the same condition should clarify if 
this tendency is due to different genetic background or not. 
 
4-1-3  The comparison of the sleep-related traits between the light and dark periods in 
the Katsunuma lines 
The two-way ANOVA and one-way ANOVA for the total activity, waking activity, total time 
in sleep, sleep bout number, and sleep bout length of the Katsunuma lines in the light and dark 
periods showed that there were significant effects of lines and interactions between lines and 
light condition (Table 1–15).  This suggests that the genetic variation underlying the locomotor 
activity and sleep-related traits (total activity, waking activity, total time in sleep, sleep bout 
number, and sleep bout length) between the light and dark periods are independently 
segregating among the Katsunuma lines.  
  The correlation analyses of the sleep-related traits between the light and dark periods revealed 
that there were positive correlations in the total activity, waking activity, and sleep bout number 
but no correlation in the total time in sleep and sleep bout length.  This suggests that the total 
activity, waking activity, and sleep bout number may be controlled by common genetic 
variations between the light and dark periods. 
  Flies generally reduce locomotor activity and increase sleep in nighttime (Shaw et al., 2000; 
Andretic and Shaw, 2005; Harbison et al., 2013; Huber et al., 2004).  However, in the 
Katsunuma lines, the significant number of lines showed increased the total and waking 
activities in the dark period compared to the light period (Figure 3 A, B).  This suggests that 
there may be genetic variation underlying differential locomotor activity levels between light 
and dark periods among natural populations. 
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4-1-4  The effect of the intensity of activity on the sleep in the Katsunuma lines 
The waking activity is a measure of the activity level when the flies are awake (Chiu et al., 
2010).  If sleep merely reflects the activity level, a negative correlation between the waking 
activity and the total time in sleep is expected.  The previous study using world-wide natural 
populations reported no correlation between the waking activity and the total time in sleep 
(Brown et al., 2018).  Also, in this study, the waking activity of the Katsunuma lines showed a 
non-significant correlation with the total time in sleep in the both light and dark periods (Figure 
4).  This suggests that the total time in sleep does not merely reflect increased or decreased 
activity levels, which indicate hyperactivity or lethargy, respectively. 
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4-2  The sleep-related traits in the Katsunuma lines under the starved condition 
4-2-1  The comparison of the sleep-related traits between the fed and starved conditions 
in the Katsunuma lines 
  Although the two-way ANOVA for the sleep-related traits between the light and dark periods 
showed the significant interactions between line and condition in all the 5 traits (Table 1, 4, 7, 
10, 13), the two-way ANOVA between the fed and starved conditions showed the significant 
interactions between lines and food condition in the 3 traits; the total activity, total time in sleep, 
and sleep bout number (Table 16, 20, 23).  This suggests that the light condition has more 
interactions with the lines than the food condition.  The genetic variation underlying the 
differential response to the light condition is more prevalent than that to the food condition. 
  The correlation analyses of the sleep-related traits between the fed and starved conditions 
revealed positive correlations in the total activity, waking activity, total time in sleep, sleep bout 
number, and sleep bout length (Figure 6).  This indicates that all these traits show proportional 
quantities between individuals between the fed and starved conditions.  Therefore, there may 
be the levels of sleep and activity that are controlled by their genetic backgrounds regardless of 
their nutritional conditions. 
 
4-2-2  The response to the starved condition in the Katsunuma lines 
  Starvation induces locomotor activity to enhance foraging behavior (Keene et al., 2010; 
McDonald and Keene, 2010).  As in the previous studies, the significant number of lines 
increased the total activity in the Katsunuma lines (Figure 6 A).  This suggests that the 
Katsunuma lines also enhance foraging behavior in response to starvation.  The total activity is 
determined by the total time in sleep and waking activity.  In previous studies, the total activity 
under the starved condition increased due to the increased waking activity and reduction of the 
total time in sleep was due to the decreased sleep bout number without any change in the sleep 
bout length in wild-type flies (Keene et al., 2010; McDonald and Keene, 2010).  Also, in the 
Katsunuma lines, the reduced total time in sleep and sleep bout number under the starved 
condition were detected but the changes in the sleep bout length was not detected (Figure 6 C – 
E).  However, the number of lines which increased the waking activity under the starved 
condition was not significant (Figure 6 B).  These suggest that there is variation in the extent 
of starvation-induced hyperactivity and, in the Katsunuma lines, the total activity under the 
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starved condition increased only through suppression of sleep.  
 
4-2-3  The relationship between the sleep-related traits and starvation tolerance in the 
Katsunuma lines 
  The artificially selected populations in the previous study showed an enhanced total time in 
sleep under the fed condition and their total time in sleep and sleep bout number did not 
decrease under the starved condition (Masek et al., 2014).  A positive correlation between the 
starvation-induced changes in the total time in sleep and the survival time under the starved 
condition in world-wide natural populations has been reported (Brown et al., 2018).  The 
correlation analyses in the Katsunuma lines between the LT50 under the starved condition and 
the starvation-induced changes in the sleep-related traits revealed a positive correlation between 
the LT50 and the starvation-induced changes in the total time in sleep (Figure 8 C).  Also, it 
was shown that the LT50 had a strong positive correlation with the starvation-induced changes 
in the sleep bout length (Figure 8 E).  This suggests that starvation tolerance is associated with 
sleep, especially the sleep bout length in the Katsunuma lines.  However, the causal 
relationship of the association between the LT50 under the starved condition and the 
starvation-induced changes in the sleep bout length remain unclear; either the tolerance level is 
reflected on the sleep bout length or the prolonged sleep bout is induced as an adaptive response 
to starvation (to conserve energy) in more tolerant lines. 
  These two possibilities are discussed in Brown et al. (2018) and the former was supported by 
their results that the number of lines, which showed suppression of sleep, increased after the 
48-h starvation compared to the 24-h starvation among world-wide populations implying that 
sleep suppression is enhanced in more disparate flies.  An alternative way to further test this 
possibility would be to measure the degree of food shortage (disparateness) (Ja et al., 2007; 
Garlapow et al., 2015; Keene and Masek, 2012) and compare it with starvation-induced changes 
in the sleep-related traits.  Amount of food intake measured by the Capillary Feeding (CAFE) 
assay is known to associate with starvation tolerance and some sleep-related traits (Garlapow et 
al., 2015).  Also, the longer the flies spend under the starved condition, the more frequently 
they show the proboscis extension reflex (PER) (Masek et al., 2014).  Therefore, the 
investigation of the relationship between food intake or PER and the starvation-induced changes 
in the sleep-related traits may reveal whether the sleep level associates with the severity of 
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physical condition under the starvation or not.  Furthermore, the latter possibility can be tested 
by manipulating sleep levels in different lines mechanically (i.e. by disrupting sleep) under the 
starved condition (Shaw et al., 2000; Huber et al., 2004) to see if the disruption of sleep results 
in the reduced survival time. 
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4-3  The SPMD in the inactive-bout length distribution in the Katsunuma lines 
I defined SPMD for investigating the sleep onset latency of the Katsunuma lines.  This is 
based on the assumption that the sleep bouts should be longer than the time point when the 
monotonic decrease in the inactive-bout frequency terminates (Figure 9 A).  The SPMD in the 
light and dark periods in the Katsunuma lines were larger than 5 min, which is the period 
considered as the sleep onset latency of Canton-S flies based on the responsiveness to the 
mechanical stimuli (Shaw et al., 2000) (Figure 10 A).  Whether SPMD truly reflects sleep 
onset latency should be examined by comparing the SPMD to the responsiveness to vibratory, 
visual, or auditory stimuli (Shaw et al., 2000; Huber et al., 2004; Nitz et al., 2002) in the 
Katsunuma lines.  Here, I assume that SPMD can serve as an index of sleep onset latency.  
The following discussions are based on this assumption. 
 
4-3-1  The effect of the light and food condition on the SPMD in the Katsunuma lines 
The SPMD in nighttime showed a significant variation among the Katsunuma lines (Table 
30).  This suggests that there is the genetic variation in the sleep onset latency between the 
lines.  Although Huber et al. (2004) has reported that the frequency of response to the 
combination of vibratory and auditory stimuli in Canton-S flies decreased after 5 min inactivity 
irrespective of inactivity occurred during daytime or nighttime, the significant number of the 
Katsunuma lines had a larger SPMD in the daytime than the nighttime (Figure 10 B), suggesting 
the sleep onset latency in the Katsunuma lines was differently regulated during daytime and 
nighttime. 
Arousal threshold is the level of stimulus triggering arousal and an index of the arousability 
of the brain (Berry and Gleeson, 1997).  As mentioned above, while the sleep onset latency did 
not change between the light and dark periods in Canton-S flies, the arousal threshold suggested 
by the rate of sleeping flies which showed the response to the stimulus, were larger in the dark 
period than in the light period (Huber et al., 2004).  This suggests that arousal threshold itself 
and change in arousal thresholds depending on length of sleep are regulated by different genetic 
factors.  As for under a starved condition, sleeping w1118 flies showed a lower arousal threshold, 
suggested by the rate of sleeping flies which woke up by the stimulus, under the starved 
condition than under the fed condition (Hasegawa et al., 2017).  In contrast, no significant 
difference between the SPMD under the fed and starved conditions in the Katsunuma lines was 
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detected (Figure 11 B; Table 31).  These results support that the sleep onset latency and the 
arousal thresholds might be differently regulated. 
 
4-3-2  The five-min standard sleep and SPMD-based sleep in the Katsunuma lines 
The SPMD-based sleep in the light and dark periods in the Katsunuma lines was calculated.  
The total time in the five-min standard sleep and the SPMD-based sleep of the Katsunuma lines 
had a strong positive correlation (Figure 12 B, C), suggesting that there is no substantial 
difference between the total time in the five-min standard sleep and SPMD-based sleep. 
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4-4  Conclusion 
  The analyses of locomotor activity and sleep among the inbred lines derived from a natural 
population revealed that there are ample genetic variations in the sleep-related traits and their 
response to the food condition within the natural population.  A significant association between 
the LT50 under the starved condition and the starvation-induced changes in the sleep bout 
length was detected within a single natural population for the first time.  This may contribute 
to understanding the relationship between starvation and sleep.  The analysis of SPMD, a new 
index of the latency of sleep onset, showed the possibility that light condition affects the sleep 
onset latency while food condition does not.  Because an apparatus to produce the stimulus is 
not necessary for the measurement of SPMD, this method may make it easier to measure the 
sleep onset latency.  Although further investigation is necessary to support the biological 
implication from these results, they have provided useful information for various sleep studies 
of flies. 
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Table 1  Two-way ANOVA for total activity of Katsunuma lines in light and dark periods.
df SS MS F p-value*
Line 20 10682993.00 534150.00 30.31 2.000E-16
Light condition 1 716688.00 716688.00 40.67 9.320E-09
Line*Light condition 20 1579824.00 78991.00 4.48 5.550E-07
Residuals 84 1480253.00 17622.00
Total 125 14459758.00
* Significant p-values are shown in bold.
Table 2  One-way ANOVA for total activity of Katsunuma lines in light period.
df SS MS F p-value*
Line 20 4608497.00 230425.00 16.55 6.200E-14
Residuals 42 584624.00 13920.00
Total 62 5193121.00
* Significant p-value is shown in bold.
Table 3  One-way ANOVA for total activity of Katsunuma lines in dark period.
df SS MS F p-value*
Line 20 7654320.00 382716.00 17.95 1.470E-14
Residuals 42 895629.00 21324.00
Total 62 8549949.00
* Significant p-value is shown in bold.
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Table 4  Two-way ANOVA for waking activity of Katsunuma lines in light and dark periods.
df SS MS F p-value*
Line 20 20.08 1.00 26.39 < 2.000E-16
Light condition 1 6.61 6.61 173.76 < 2.000E-16
Line*Light condition 20 1.78 0.09 2.34 0.004
Residuals 84 3.20 0.04
Total 125 31.67
* Significant p-values are shown in bold.
Table 5  One-way ANOVA for waking activity of Katsunuma lines in light period.
df SS MS F p-value*
Line 20 7.91 0.40 13.94 1.240E-12
Residuals 42 1.19 0.03
Total 62 9.10
* Significant p-value is shown in bold.
Table 6  One-way ANOVA for waking activity of Katsunuma lines in dark period.
df SS MS F p-value*
Line 20 13.96 0.70 14.62 5.430E-13
Residuals 42 2.01 0.05
Total 62 15.97
* Significant p-value is shown in bold.
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Table 7  Two-way ANOVA for five-min standard sleep of Katsunuma lines in light and dark periods.
df SS MS F p-value*
Line 20 333.10 16.66 21.95 < 2.000E-16
Light condition 1 6.50 6.53 8.60 0.004
Line*Light condition 20 109.40 5.47 7.21 3.290E-11
Residuals 84 63.70 0.76
Total 125 512.70
* Significant p-values are shown in bold.
Table 8  One-way ANOVA for five-min standard sleep of Katsunuma lines in light period.
df SS MS F p-value*
Line 20 210.72 10.54 18.69 7.100E-15
Residuals 42 23.68 0.56
Total 62 234.40
* Significant p-value is shown in bold.
Table 9  One-way ANOVA for five-min standard sleep of Katsunuma lines in dark period.
df SS MS F p-value*
Line 20 231.83 11.59 12.15 1.260E-11
Residuals 42 40.07 0.95
Total 62 271.90
* Significant p-value is shown in bold.
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Table 10  Two-way ANOVA for sleep bout number of Katsunuma lines in light and dark periods.
df SS MS F p-value*
Line 20 2409.60 120.50 21.69 < 2.000E-16
Light condition 1 359.30 359.30 64.67 5.010E-12
Line*Light condition 20 701.90 35.10 6.32 6.480E-10
Residuals 84 466.60 5.60
Total 125 3937.40
* Significant p-values are shown in bold.
Table 11  One-way ANOVA for sleep bout number of Katsunuma lines in light period.
df SS MS F p-value*
Line 20 2194.30 109.71 14.21 8.840E-13
Residuals 42 324.20 7.72
Total 62 2518.50
* Significant p-value is shown in bold.
Table 12  One-way ANOVA for sleep bout number of Katsunuma lines in dark period.
df SS MS F p-value*
Line 20 917.20 45.86 13.52 2.080E-12
Residuals 42 142.50 3.39
Total 62 1059.70
* Significant p-value is shown in bold.
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Table 13  Two-way ANOVA for sleep bout length of Katsunuma lines in light and dark periods.
df SS MS F p-value*
Line 20 9045.00 452.30 12.78 < 2.000E-16
Light condition 1 2325.00 2324.60 65.69 3.740E-12
Line*Light condition 20 8791.00 439.60 12.42 < 2.000E-16
Residuals 84 2973.00 35.40
Total 125 23134.00
* Significant p-values are shown in bold.
Table 14  One-way ANOVA for sleep bout length of Katsunuma lines in light period.
df SS MS F p-value*
Line 20 2049.90 102.50 9.33 8.930E-10
Residuals 42 461.40 10.99
Total 62 2511.30
* Significant p-value is shown in bold.
Table 15  One-way ANOVA for sleep bout length of Katsunuma lines in dark period.
df SS MS F p-value*
Line 20 15787.00 789.30 13.20 3.120E-12
Residuals 42 2511.00 59.80
Total 62 18298.00
* Significant p-value is shown in bold.
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Table 16  Two-way ANOVA for total activity of Katsunuma lines under fed and starved conditions.
df SS MS F p-value*
Line 20 20478861.00 1023943.00 35.03 < 2.000E-16
Food condition 1 3757786.00 3757786.00 128.57 < 2.000E-16
Line*Food condition 20 2288814.00 114441.00 3.92 5.320E-06
Residuals 84 2455113.00 29228.00
Total 125 28980574.00
* Significant p-values are shown in bold.
Table 17  One-way ANOVA for total activity of Katsunuma lines under fed condition.
df SS MS F p-value*
Line 20 8058879.00 402944.00 18.26 1.080E-14
Residuals 42 926687.00 22064.00
Total 62 8985566.00
* Significant p-value is shown in bold.
Table 18  One-way ANOVA for total activity of Katsunuma lines under starved condition.
df SS MS F p-value*
Line 20 14708796.00 735440.00 20.21 1.720E-15
Residuals 42 1528426.00 36391.00
Total 62 16237222.00
* Significant p-value is shown in bold.
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Table 19  Two-way ANOVA for waking activity of Katsunuma lines under fed and starved conditions.
df SS MS F p-value*
Line 20 29.75 1.49 17.81 < 2.000E-16
Food condition 1 0.59 0.59 7.09 0.009
Line*Food condition 20 1.82 0.09 1.09 0.376
Residuals 84 7.02 0.08
Total 125 39.17
* Significant p-values are shown in bold.
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Table 20  Two-way ANOVA for five-min standard sleep of Katsunuma lines under fed and starved conditions.
df SS MS F p-value*
Line 20 473.10 23.66 17.49 < 2.000E-16
Food condition 1 142.50 142.52 105.39 < 2.000E-16
Line*Food condition 20 83.30 4.17 3.08 1.680E-04
Residuals 84 113.60 1.35
Total 125 812.50
* Significant p-values are shown in bold.
Table 21  One-way ANOVA for five-min standard sleep of Katsunuma lines under fed condition.
df SS MS F p-value*
Line 20 206.75 10.34 9.37 8.420E-10
Residuals 42 46.36 1.10
Total 62 253.11
* Significant p-value is shown in bold.
Table 22  One-way ANOVA for five-min standard sleep of Katsunuma lines under starved condition.
df SS MS F p-value*
Line 20 349.70 17.49 10.92 7.260E-11
Residuals 42 67.20 1.60
Total 62 416.90
* Significant p-value is shown in bold.
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Table 23  Two-way ANOVA for sleep bout number of Katsunuma lines under fed and starved 
conditions.
df SS MS F p-value*
Line 20 2141.50 107.10 21.28 < 2.000E-16
Food condition 1 1184.40 1184.40 235.34 < 2.000E-16
Line*Food condition 20 644.80 32.20 6.41 4.770E-10
Residuals 84 422.70 5.00
Total 125 4393.40
* Significant p-values are shown in bold.
Table 24  One-way ANOVA for sleep bout number of Katsunuma lines under fed condition.
df SS MS F p-value*
Line 20 848.10 42.40 7.20 4.340E-08
Residuals 42 247.30 5.89
Total 62 1095.40
* Significant p-value is shown in bold.
Table 25  One-way ANOVA for sleep bout number of Katsunuma lines under starved condition.
df SS MS F p-value*
Line 20 1938.20 96.91 23.20 < 2.000E-16
Residuals 42 175.40 4.18
Total 62 2113.60
* Significant p-value is shown in bold.
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Table 26  Two-way ANOVA for sleep bout length of Katsunuma lines under fed and starved conditions.
df SS MS F p-value*
Line 20 76071.00 3804.00 17.41 < 2.000E-16
Food condition 1 105.00 105.00 0.48 0.490
Line*Food condition 20 6040.00 302.00 1.38 0.155
Residuals 84 18355.00 219.00
Total 125 100571.00
* Significant p-value is shown in bold.
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Table 27  One-way ANOVA for survival time of Katsunuma lines under starved condition.
df SS MS F p-value*
Line 20 6020.00 300.98 7.64 1.840E-08
Residuals 42 1655.00 39.41
Total 62 7675.00
* Significant p-value is shown in bold.
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Table 28 Two-way ANOVA for SPMD of Katsunuma lines in light and dark periods.
df SS MS F p-value*
Line 20 32.11 1.61 1.65 0.061
Light condition 1 8.56 8.56 8.77 0.004
Line*Light condition 20 36.23 1.81 1.86 0.027
Residuals 84 82.00 0.98
Total 125 158.90
* Significant p-values are shown in bold.
Table 29  One-way ANOVA for SPMD of Katsunuma lines in light period.
df SS MS F p-value
Line 20 42.88 2.14 1.37 0.191
Residuals 42 65.71 1.56
Total 62 108.59
Table 30  One-way ANOVA for SPMD of Katsunuma lines in dark period.
df SS MS F p-value*
Line 20 25.46 1.27 3.28 5.790E-04
Residuals 42 16.29 0.39
Total 62 41.75
* Significant p-value is shown in bold.
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Table 31 Two-way ANOVA for SPMD of Katsunuma lines under fed and starved condition.
df SS MS F p-value*
Line 20 3028 151.38 2.41 0.003
Food condition 1 8 7.58 0.12 0.729
Line*Food condition 20 749 37.47 0.60 0.905
Residuals 84 5276 62.81
Total 125 9061

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 1  Locomotor activity and sleep profiles across 24-h period of 21 Katsunuma lines. 
(A) – (U) Locomotor activity profiles across 24-h period.  (A’) – (U’) Sleep profiles over 24-h period.  
(A) (A’) KA13001 (KA01).  (B) (B’) KA13006 (KA06).  (C) (C’) KA13010 (KA10).  (D) (D’) KA13017 (KA17).  
(E) (E’) KA13021 (KA21).  (F) (F’) KA13022 (KA22).  (G) (G’) KA13023 (KA23).  (H) (H’) KA13024 (KA24).  
(I) (I’) KA13025 (KA25).  (J) (J’) KA13026 (KA26).  (K) (K’) KA13027 (KA27).  (L) (L’) KA13028 (KA28).  
(M) (M’) KA13029 (KA29).  (N) (N’) KA13030 (KA30).  (O) (O’) KA13032 (KA32).  (P) (P’) KA13033 
(KA33).  (Q) (Q’) KA13035 (KA35).  (R) (R’) KA13037 (KA37).  (S) (S’) KA13038 (KA38).  (T) (T’) KA13067 












































































































































Figure 2  Comparison of sleep-related traits of Katsunuma lines in light and dark periods. 
(A) Comparison of total activity in light and dark periods. 
(B) Comparison of waking activity in light and dark periods.
(C) Comparison of five-min standard sleep in light and dark periods.
(D) Comparison of sleep bout number in light and dark periods.
(E) Comparison of sleep bout length in light and dark periods. 
Yellow bars indicate sleep-related traits in light period and grey bars indicate sleep-related traits in 
dark period, respectively.  Error bars indicate standard deviation.
Figure 3 The plots of sleep-related traits of Katsunuma lines in light and 
dark periods.
(A) The plot of total activity in light [L] and dark periods [D] (Pearson's r = 
0.766, p = 2.549E-04). 
(B) The plot of waking activity in light [L] and dark periods [D] (Pearson's r = 
0.871, p = 1.403E-06).  
(C) The plot of five-min standard sleep in light [L] and dark periods [D] 
(Pearson's r = 0.506, p = 0.096).  
(D) The plot of sleep bout number in light [L] and dark periods [D] 
(Pearson's r = 0.602, p = 0.019).  
(E) The plot of sleep bout length in light [L] and dark periods [D] (Pearson's 
r = 0.022, p = 1.000).  
P-values are adjusted for multiple testing using Bonferroni’s correction.  












































































































































Sleep bout length [L] (min)
Figure 4 The plots of waking activity and sleep of Katsunuma lines in light and dark periods.
(A) The plot of waking activity and five-min standard sleep in light period [L] (Pearson's r = -0.248, p = 
0.555).  
(B) The plot of waking activity and five-min standard sleep in dark period [D] (Pearson's r = -0.036, p = 
1.000).  
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Figure 5  Comparison of sleep-related traits under fed and starved conditions and survival time 
(LT50) under starved condition of Katsunuma lines.
(A) Comparison of total activity under fed and starved conditions. 
(B) Comparison of waking activity under fed and starved conditions.
(C) Comparison of five-min standard sleep under fed and starved conditions.
(D) Comparison of sleep bout number under fed and starved conditions.
(E) Comparison of sleep bout length under fed and starved conditions.
(F) LT50 under starved condition.  
Red bars indicate sleep-related traits under fed condition and blue bars indicate sleep-related traits 
under starved condition, respectively.  Error bars indicate standard deviation.
Figure 6  The plots of sleep-related traits of Katsunuma lines under fed 
and starved conditions.
(A) The plot of total activity under fed [F] and starved conditions [S] 
(Pearson's r = 0.835, p = 1.224E-05).  
(B) The plot of waking activity under fed [F] and starved conditions [S] 
(Pearson's r = 0.885 p = 4.982E-07).  
(C) The plot of five-min standard sleep under fed [F] and starved 
conditions [S] (Pearson's r = 0.725, p = 0.001).  
(D) The plot of sleep bout number under fed [F] and starved conditions [S] 
(Pearson's r = 0.584, p = 0.027).  
(E) The plot of sleep bout length under fed [F] and starved conditions [S] 
(Pearson's r = 0.930, p = 5.175E-09).  
P-values are adjusted for multiple testing using Bonferroni’s correction. 







































































































































































































































































































































































































































Figure 7 (Legend on the next page)
Figure 7 The plots of sleep-related traits of Katsunuma lines under fed and starved conditions and 
survival time (LT50) under starved condition.
(A) The plot of total activity under fed condition [F] and LT50 under starved condition (Pearson's r = -
0.403, p = 0.698).  
(A’) The plot of total activity under starved condition [S] and LT50 under starved condition (Pearson's r
= -0.556, p = 0.088).
(B) The plot of waking activity under fed condition [F] and LT50 under starved condition (Pearson's r = -
0.412, p = 0.632).  
(B’) The plot of waking activity under starved condition [S] and LT50 under starved condition (Pearson's 
r = -0.258, p = 1.000).  
(C) The plot of five-min standard sleep under fed condition [F] and LT50 under starved condition 
(Pearson's r = 0.209, p = 1.000). 
(C’) The plot of five-min standard sleep under starved condition [S] and LT50 under starved condition 
(Pearson's r = 0.622, p = 0.026). 
(D) The plot of sleep bout number under fed condition [F] and LT50 under starved condition (Pearson's 
r = 0.137, p = 1.000). 
(D’) The plot of sleep bout number under starved condition [S] and LT50 under starved condition 
(Pearson's r = 0.271, p = 1.000). 
(E) The plot of sleep bout length under fed condition [F] and LT50 under starved condition (Pearson's r
= 0.261, p = 1.000). 
(E’) The plot of sleep bout length under starved condition [S] and LT50 under starved condition 
(Pearson's r = 0.504, p = 0.197). 







Figure 8 The plots of changes in sleep-related traits of Katsunuma lines 
between fed and starved conditions and survival time (LT50) under 
starved condition.
(A) The plot of % changes in total activity between fed and starved 
conditions and LT50 under starved condition (Pearson's r = -0.332, p = 
0.708).  
(B) The plot of % changes in waking activity between fed and starved 
conditions and LT50 under starved condition (Pearson's r = 0.354, p = 
0.578). 
(C) The plot of % changes in five-min standard sleep between fed and 
starved conditions and LT50 under starved condition (Pearson's r = 0.687, 
p = 0.003). 
(D) The plot of % changes in sleep bout number between fed and starved 
conditions and LT50 under starved condition (Pearson's r = 0.273, p = 
1.000). 
(E) The plot of % changes in sleep bout length between fed and starved 
conditions and LT50 under starved condition (Pearson's r = 0.821, p = 
2.535E-05).  
P-values are adjusted for multiple testing using Bonferroni’s correction. 










































































































































% change in waking activity 
Figure 9  Switching point from monotonic decrease (SPMD) in inactive-bout length 
distribution. 
(A) Inactive-bout length distribution of one fly (KA26, rep2, No.13, dark period).  Red 
arrow points to the switching point from monotonic decrease (SPMD).  
(B) The plot of total activity and SPMD in light period (Pearson's r = 0.423, p =  0.112). 
(C) The plot of total activity and SPMD in dark period (Pearson's r = -0.146, p =  1.000).  


























































Total activity [L] (counts/12 h)
Figure 10  SPMD of Katsunuma lines in light and dark periods. 
(A) Comparison of SPMD in light and dark periods. Yellow bars indicate SPMD in light 
period and grey  bars  indicate SPMD  in dark period. 
(B) The plot of SPMD in light [L] and dark periods [D] (Pearson's r = -0.062, p =  0.789).  
Dashed line indicates y = x line.














































Figure 11  SPMD of Katsunuma lines under fed and starved conditions. 
(A) Comparison of SPMD under fed and starved conditions. Red bars indicate SPMD 
under fed condition and blue bars indicate SPMD under starved condition.  
(B) The plot of SPMD under fed [F] and starved conditions [S] (Pearson's r = 0.611, p =  
0.003).  





















































Five-min standard sleep [L] SPMD-based sleep [L] Five-min standard sleep [D] SPMD-based sleep [D]
KA
Figure 12  Five-min standard sleep and SPMD-based sleep of Katsunuma lines.
(A) Comparison of five-min standard sleep and SPMD-based sleep in light and dark 
periods. Yellow and orange bars indicate five-min standard sleep and SPMD-based sleep 
in light period, respectively.  Grey and black bars indicate five-min standard sleep and 
SPMD-based sleep in dark period, respectively.
(B) The plot of five-min standard sleep and SPMD-based sleep in light period (Pearson's r 
= 0.988, p = 4.400E-16).
(C) The plot of five-min standard sleep and SPMD-based sleep in dark period (Pearson’s r 
= 0.995, p = 4.400E-16).

















































Five-min standard sleep (h/12 h)
Appendix 1  Custom R script for the calculation of locomotor activity 
profiles across 24-h period from DAM data collected during 3 days. 
 
# Calculation of locomotor activity per 1 h from DAM data collected during 3 days. 
 
# Input: 3dayDAMdata(csv) 
# Output: SUMact1h.LD 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 
output.dir<-paste(work.dir,"Output",sep = "/") 
 
setwd(input.dir) 
files1 <- dir() 
files <- files1[grep(".csv",files1)] 
numfiles <- length(files) 
 
 
for (n in c(1:numfiles)){ 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
  channels <- length(allact[1,]) # the number of flies 
  total.min <- length(allact[,1]) # 24h * 3day = 4320 min 
   
  # SUMact1h.table 
  SUMact1h.table <- data.frame(matrix(data = NA,  
                                      nrow = 24, # 24-h period 
                                      ncol = channels) 
  ) 
  colnames(SUMact1h.table) <- paste("fly",c(1:channels),sep="") 
  row.names(SUMact1h.table) <- c(1:24) # 24-h period 
 
  # allact60 
  allact60 <- data.frame(matrix(data=NA, nrow = total.min/60, ncol = channels)) 
  for(x in c(1:(total.min/60))){ 
    tag.act <- allact[c((60*(x-1)+1):(60*x)),] 
    allact60[x,] <- apply(tag.act,2,sum, na.rm = FALSE) 
  } 
 
  # Average during 3days 
  for (i in c(1:channels)){ 
    allact60.ind <- data.frame(matrix(data=NA, nrow = 24, ncol = 3)) 
    colnames(allact60.ind) <- c("Day1", "Day2", "Day3") 
    allact60.ind$Day1 <- allact60[c( 1:24), i] 
    allact60.ind$Day2 <- allact60[c(25:48), i] 
    allact60.ind$Day3 <- allact60[c(49:72), i] 
    SUMact1h.table[,i] <- apply(allact60.ind, 1, mean, na.rm = FALSE)  
  } 
   
  
  # Output SUMact1h.table 
  setwd(output.dir) 
  write.csv(SUMact1h.table, 
            row.names = TRUE, 






Appendix 2  Custom R script for the calculation of sleep profiles across 24-
h period from DAM data collected during 3 days. 
 
Appendix 2-1  Defined function for the calculation of sleep profiles across 
24-h period from DAM data collected during 3 days. 
 
# sleep.dec(action=act.vectors, dif = sleep definition number) 
# Decide sleep act:A sleep:S 
# Return decision A or S as vector 
 
sleep.dec<-function(act, dif){ 
   
  sleepDAMdata<-rep(NA, length(act)) 
  bout <- 0 
   
  for(n in 1:length(act)){ 
     
    if(is.na(sum(act))){break} 
     
    if(n != length(act)){ 
      if(act[n]==0){  
        bout <- bout + 1  
      }else{  
        sleepDAMdata[n] <- "A"  
        if(bout != 0){  
          if(bout >= dif){  
            sleepDAMdata[c((n - bout):(n - 1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n - 1))] <- "A" 
          } 
          bout <- 0 
        } 
      } 
    } 
     
    if(n == length(act)){  
       
      if(act[n]==0){ 
        bout <- bout + 1 
         
        if(bout >= dif){ 
          sleepDAMdata[c((n - bout -1):(n))] <- "S" 
        }else{ 
          sleepDAMdata[c((n - bout -1):(n))] <- "A" 
        } 
         
      }else{ 
        sleepDAMdata[n] <- "A" 
         
        if(bout != 0){  
          if(bout >= dif){ 
            sleepDAMdata[c((n - bout):(n-1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n-1))] <- "A" 
          } 
        } 
         
      } 
       
      bout <- 0 
    } 
     
  } 
   





# sleep.cal(AS.seq = sleepDAMdata) 
# Decide sleep act:A sleep:S 
# Return number of S 
 
sleep.cal<-function(AS.seq){ 
  sleep <- sum(AS.seq=="S") 
  return(sleep) 
} 
  
Appendix 2-2  Converting DAM data to sleep DAM data for the calculation of 
sleep profiles across 24-h period from DAM data collected during 3 days. 
 
# Deciding sleep-bouts or active-bouts for each 1 min from DAM data collected during 3 days. 
 
# Input: 3dayDAMdata(csv) 
# Output: sleepDAMdata.LD 
# Function: sleep.dec 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 




files <- files1[grep(".csv",files1)] 
 
Sleep.dif <- 5 # Sleep is 5 min or longer inactive-bouts. 
 
for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE) 
  sleepDAMdata <- alldata 
  sleepDAMdata[,c(13:(length(alldata[1,])))] <- NA 
 
  # Decide sleep in each 12h period. 
  for(y in c(1:(length(alldata[,1])/60/12))){  
    tag.alldata <- alldata[c((y*720-719):(y*720)),] 
    for(i in c(13:(length(tag.alldata[1,]))) ){ 
      act <- as.vector(tag.alldata[,i]) 
      if(is.na(sum(act))){next} 
      sleepDAMdata[c((y*720-719):(y*720)),i] <- sleep.dec(act, Sleep.dif) 
    } 
  } 
   
  # Output 
  setwd(output.dir) 
  write.table(sleepDAMdata, 
              paste(Sleep.dif, "sleepDAMdata.LD_", files[n], sep=""), 
              col.name = FALSE, 
              row.names = FALSE, 





Appendix 2-3  Calculation of total time in sleep per 1 h for the calculation 
of sleep profiles over 24-h period from DAM data collected during 3 days. 
 




# Function: sleep.cal 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






for (n in c(1:length(files))){ 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
     
  # sleep1h.table 
  sleep1h.table<-data.frame(matrix(data=NA, nrow = 24, ncol = channels)) 
  colnames(sleep1h.table) <- paste("fly",c(1:channels),sep="") 
  row.names(sleep1h.table) <- c(1:24) # 24-h period 
 
  # sleep60 
  sleep60 <- data.frame(matrix(data=NA, nrow = total.min/60, ncol = channels)) 
  for(x in c(1:(total.min/60))){ 
    tag.act <- allact[c((60*(x-1)+1):(60*x)),] 
    sleep60[x,] <- apply(tag.act,2,sleep.cal) 
  } 
 
  # Average during 3days 
  for (i in c(1:channels)){ 
    sleep60.ind <- data.frame(matrix(data=NA, nrow = 24, ncol = 3)) 
    colnames(sleep60.ind) <- c("Day1", "Day2", "Day3") 
    sleep60.ind$Day1 <- sleep60[c( 1:24), i] 
    sleep60.ind$Day2 <- sleep60[c(25:48), i] 
    sleep60.ind$Day3 <- sleep60[c(49:72), i] 
    sleep1h.table[,i] <- apply(sleep60.ind, 1, mean, na.rm = FALSE)  
  } 
   
  # Output sleep1h.table 
  setwd(output.dir) 
  write.csv(sleep1h.table, 
            row.names = TRUE, 






Appendix 3  Custom R script for the calculation of total activity in the 
light and dark periods from DAM data collected during 3 days. 
 







# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






for(n in c(1:length(files))){ 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE) 
  allact<-alldata[,c(13:length(alldata[1,]))] 
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # SUMact.table 
  SUMtable.ind.L<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(SUMtable.ind.L)<-c("Filename","fly","LD","SUMact") 
  SUMtable.ind.L$Filename <- gsub(".csv","",files[n]) 
  SUMtable.ind.L$fly <- paste("fly",c(1:channels),sep="") 
  SUMtable.ind.D <- SUMtable.ind.L 
  SUMtable.ind.L$LD<-"L" 
  SUMtable.ind.D$LD<-"D" 
   
  # SUMact12h 
  SUMact12h <- data.frame(matrix(data=NA, nrow = LDnum, ncol = channels)) 
  for(x in c(1:(LDnum))){ 
    tag.act <- allact[c((60*12*(x-1)+1):(60*12*x)),] 
    SUMact12h[x,] <- apply(tag.act,2,sum) 
  } 
   
  # Average during 3days 
  SUMtable.ind.L$SUMact <- apply(SUMact12h[c(1,3,5),],2,mean)  
  SUMtable.ind.D$SUMact <- apply(SUMact12h[c(2,4,6),],2,mean)  
   
  # Output 
  setwd(output.dir) 
  SUMtable.ind <- rbind(SUMtable.ind.L,SUMtable.ind.D) 
  colnames(SUMtable.ind)<-c("Filename","fly","LD","Total activity (counts)") 
  write.csv(SUMtable.ind, 
            row.names = FALSE, 





Appendix 4  Custom R script for the calculation of waking activity in the 
light and dark periods from DAM data collected during 3 days. 
 
Appendix 4-1  Defined function for the calculation of waking activity in the 
light and dark periods from DAM data during 3 days. 
 
# sleep.dec(action=act.vectors, dif = sleep definition number) 
# Decide sleep act:A sleep:S 
# Return decision A or S as vector 
 
sleep.dec<-function(act, dif){ 
   
  sleepDAMdata<-rep(NA, length(act)) 
  bout <- 0 
   
  for(n in 1:length(act)){ 
     
    if(is.na(sum(act))){break} 
     
    if(n != length(act)){ 
      if(act[n]==0){  
        bout <- bout + 1  
      }else{  
        sleepDAMdata[n] <- "A"  
        if(bout != 0){  
          if(bout >= dif){  
            sleepDAMdata[c((n - bout):(n - 1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n - 1))] <- "A" 
          } 
          bout <- 0 
        } 
      } 
    } 
     
    if(n == length(act)){  
       
      if(act[n]==0){ 
        bout <- bout + 1 
         
        if(bout >= dif){ 
          sleepDAMdata[c((n - bout -1):(n))] <- "S" 
        }else{ 
          sleepDAMdata[c((n - bout -1):(n))] <- "A" 
        } 
         
      }else{ 
        sleepDAMdata[n] <- "A" 
         
        if(bout != 0){  
          if(bout >= dif){ 
            sleepDAMdata[c((n - bout):(n-1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n-1))] <- "A" 
          } 
        } 
         
      } 
       
      bout <- 0 
    } 
     
  } 
   






# sleep.cal(AS.seq = sleepDAMdata) 
# Decide sleep act:A sleep:S 
# Return number of S 
 
sleep.cal<-function(AS.seq){ 
  sleep <- sum(AS.seq=="S") 




Appendix 4-2  Converting DAM data to sleep DAM data for the calculation of 
waking activity in the light and dark periods from DAM data collected during 
3 days. 
 
# Deciding sleep-bouts or active-bouts for each 1 min from DAM data collected during 3 days. 
 
# Input: 3dayDAMdata(csv) 
# Output: sleepDAMdata.LD 
# Function: sleep.dec 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 




files <- files1[grep(".csv",files1)] 
 
Sleep.dif <- 5 # Sleep is 5 min or longer inactive-bouts. 
 
for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE) 
  sleepDAMdata <- alldata 
  sleepDAMdata[,c(13:(length(alldata[1,])))] <- NA 
   
  # Decide sleep in each 12h period. 
  for(y in c(1:(length(alldata[,1])/60/12))){  
    tag.alldata <- alldata[c((y*720-719):(y*720)),] 
    for(i in c(13:(length(tag.alldata[1,]))) ){ 
      act <- as.vector(tag.alldata[,i]) 
      if(is.na(sum(act))){next} 
      sleepDAMdata[c((y*720-719):(y*720)),i] <- sleep.dec(act, Sleep.dif) 
    } 
  } 
   
  # Output 
  setwd(output.dir) 
  write.table(sleepDAMdata, 
              paste(Sleep.dif, "sleepDAMdata.LD_", files[n], sep=""), 
              col.name = FALSE, 
              row.names = FALSE, 





Appendix 4-3  Calculation of waking activity for the calculation of waking 
activity in the light and dark periods from DAM data collected during 3 
days. 
 
# Calculation of waking activity in the light and dark periods from DAM data collected during 
3 days and their sleep DAM data. 
 
# Input: 3dayDAMdata(csv), sleepDAMdata.LD 
# Output: WA.LD 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
# Make "01" and "02" folder under "Input" folder manually 
# "01" for 3dayDAMdata 
# "02" for sleepDAMdata.LD 
 
work.dir<-getwd() 
input.DAM.dir<-paste(work.dir,"Input","01",sep = "/") 
input.sleep.dir<-paste(work.dir,"Input","02",sep = "/") 










for (n in 1:length(files.DAM)) { 
  setwd(input.DAM.dir) 
  alldata.DAM <- read.csv(files.DAM[n],header=FALSE)  
  allact<-alldata.DAM[,c(13:length(alldata.DAM[1,]))] 
   
  setwd(input.sleep.dir) 
  alldata.sleep <- read.csv(files.sleep[n], header = FALSE) 
  allsleep<-alldata.sleep[,c(13:length(alldata.sleep[1,]))] 
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # WAtable.ind 
  WAtable.ind.L<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(WAtable.ind.L)<-c("Filename","fly","LD","WA") 
  WAtable.ind.L$Filename <- gsub(".csv","",files.DAM[n]) 
  WAtable.ind.L$fly<-paste("fly",c(1:channels),sep="") 
  WAtable.ind.D <- WAtable.ind.L 
  WAtable.ind.L$LD <- "L" 
  WAtable.ind.D$LD <- "D"   
   
  # WA12h 
  SUMact12h <- data.frame(matrix(data=NA, nrow = LDnum, ncol = channels)) 
  sleep12h <- SUMact12h 
  WA12h <- SUMact12h 
  for(x in c(1:LDnum)){ 
    tag.act <- allact[c((60*12*(x-1)+1):(60*12*x)),] 
    SUMact12h[x,] <- apply(tag.act,2,sum) 
    tag.sleep <- allsleep[c((60*12*(x-1)+1):(60*12*x)),] 
    sleep12h[x,] <- apply(tag.sleep,2,sleep.cal) 
  } 
  WA12h <- SUMact12h/(60*12 - sleep12h) 
   
  # Average during 3days 
  WAtable.ind.L$WA <- apply(WA12h[c(1,3,5),],2,mean)  
  WAtable.ind.D$WA <- apply(WA12h[c(2,4,6),],2,mean)  
   
  # Output 
  setwd(output.dir) 
  WAtable.ind <- rbind(WAtable.ind.L, WAtable.ind.D) 
  colnames(WAtable.ind)<-c("Filename","fly","LD","Waking activity (counts/min)") 
  write.csv(WAtable.ind, 
            row.names = FALSE, 





Appendix 5  Custom R script for the calculation of five-min standard sleep 
in the light and dark periods from DAM data during 3 days. 
 
Appendix 5-1  Defined function for the calculation of five-min standard 
sleep in the light and dark periods from DAM data during 3 days. 
 
# sleep.dec(action=act.vectors, dif = sleep definition number) 
# Decide sleep act:A sleep:S 
# Return decision A or S as vector 
 
sleep.dec<-function(act, dif){ 
   
  sleepDAMdata<-rep(NA, length(act)) 
  bout <- 0 
   
  for(n in 1:length(act)){ 
     
    if(is.na(sum(act))){break} 
     
    if(n != length(act)){ 
      if(act[n]==0){  
        bout <- bout + 1  
      }else{  
        sleepDAMdata[n] <- "A"  
        if(bout != 0){  
          if(bout >= dif){  
            sleepDAMdata[c((n - bout):(n - 1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n - 1))] <- "A" 
          } 
          bout <- 0 
        } 
      } 
    } 
     
    if(n == length(act)){  
       
      if(act[n]==0){ 
        bout <- bout + 1 
         
        if(bout >= dif){ 
          sleepDAMdata[c((n - bout -1):(n))] <- "S" 
        }else{ 
          sleepDAMdata[c((n - bout -1):(n))] <- "A" 
        } 
         
      }else{ 
        sleepDAMdata[n] <- "A" 
         
        if(bout != 0){  
          if(bout >= dif){ 
            sleepDAMdata[c((n - bout):(n-1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n-1))] <- "A" 
          } 
        } 
         
      } 
       
      bout <- 0 
    } 
     
  } 
   





# sleep.cal(AS.seq = sleepDAMdata) 
# Decide sleep act:A sleep:S 
# Return number of S 
 
sleep.cal<-function(AS.seq){ 
  sleep <- sum(AS.seq=="S") 





Appendix 5-2  Converting DAM data to sleep DAM data for the calculation of 
five-min standard sleep in the light and dark periods from DAM data 
collected during 3 days. 
 
# Deciding sleep-bouts or active-bouts for each 1 min from DAM data collected during 3 days. 
 
# Input: 3dayDAMdata(csv) 
# Output: sleepDAMdata.LD 
# Function: sleep.dec 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 




files <- files1[grep(".csv",files1)] 
 
Sleep.dif <- 5 # Sleep is 5 min or longer inactive-bouts. 
 
for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE) 
  sleepDAMdata <- alldata 
  sleepDAMdata[,c(13:(length(alldata[1,])))] <- NA 
   
  # Decide sleep in each 12h period. 
  for(y in c(1:(length(alldata[,1])/60/12))){  
    tag.alldata <- alldata[c((y*720-719):(y*720)),] 
    for(i in c(13:(length(tag.alldata[1,]))) ){ 
      act <- as.vector(tag.alldata[,i]) 
      if(is.na(sum(act))){next} 
      sleepDAMdata[c((y*720-719):(y*720)),i] <- sleep.dec(act, Sleep.dif) 
    } 
  } 
   
  # Output 
  setwd(output.dir) 
  write.table(sleepDAMdata, 
              paste(Sleep.dif, "sleepDAMdata.LD_", files[n], sep=""), 
              col.name = FALSE, 
              row.names = FALSE, 





Appendix 5-3  Calculation of total time in sleep for the calculation of 
five-min standard sleep in the light and dark periods from DAM data during 3 
days. 
 
# Calculation of total time in sleep in the light and dark periods from DAM data collected 
during 3 days. 
 
# Input: sleepDAMdata.LD 
# Output: sleep.LD 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
 
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # sleeptable.table 
  sleeptable.ind.L<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(sleeptable.ind.L)<-c("Filename","fly","LD","sleep") 
  sleeptable.ind.L$Filename <- gsub(".csv","",files[n]) 
  sleeptable.ind.L$fly <- paste("fly",c(1:channels),sep="") 
  sleeptable.ind.D <- sleeptable.ind.L 
  sleeptable.ind.L$LD<-"L" 
  sleeptable.ind.D$LD<-"D" 
   
  # sleep12h 
  sleep12h <- data.frame(matrix(data=NA, nrow = LDnum, ncol = channels)) 
  for(x in c(1:LDnum)){ 
    tag.act <- allact[c((60*12*(x-1)+1):(60*12*x)),] 
    sleep12h[x,] <- apply(tag.act,2,sleep.cal) 
  } 
   
  # Average during 3days 
  sleeptable.ind.L$sleep <- apply(sleep12h[c(1,3,5),],2,mean)  
  sleeptable.ind.D$sleep <- apply(sleep12h[c(2,4,6),],2,mean)  
   
  # Output 
  setwd(output.dir) 
  sleeptable.ind <- rbind(sleeptable.ind.L,sleeptable.ind.D) 
  colnames(sleeptable.ind)<-c("Filename","fly","LD","Sleep (min)") 
  write.csv(sleeptable.ind, 
            row.names = FALSE, 





Appendix 6  Custom R script for the calculation of sleep bout number and 
length in the light and dark periods from DAM data collected during 3 days. 
 
Appendix 6-1  Defined function for the calculation of sleep bout number and 
length in the light and dark periods from DAM data collected during 3 days. 
 
# boutcal(action=act.vectors) 
# Calculate bout of "action" 
# Return each bout length as vector 
 
boutcal<-function(action){ 
  if(is.na(sum(action))){ 
    bout<-NA 
    return(bout) 
  }else{ 
    for(a in 1:length(action)){ 
      if(a==1){ 
        L<-0; bout<-NA 
        if(action[a]==0){L<-L+1} 
      } 
     
      if ((1<a)&&(a<length(action))){ 
        if(action[a]==0){ 
          L<-L+1 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L; L<-0}else{bout<-c(bout,L); L<-0}} 
        } 
      } 
     
      if(a==length(action)){ 
        if(action[a]==0){ 
          if(is.na(sum(bout))){bout<-L+1}else{L<-L+1;bout<-c(bout,L)} 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L}else{bout<-c(bout,L)}} 
        } 
      } 
    } 
    return(bout) 






Appendix 6-2  Calculation of sleep bout number and length for the 
calculation of sleep bout number and length in the light and dark periods 
from DAM data during 3 days. 
 
# Calculation of sleep bout number and sleep bout length in the light and dark periods from 
sleep DAM data collected during 3 days. 
 
# Input: 3dayDAMdata(csv) 
# Output: NL.LD (sleep bout number & sleep bout length table) 
# Function: boutcal 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






Sleep.dif <- 5 # Sleep is 5 min or longer inactive-bouts. 
 
for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # NLtable 
  NLtable.ind.L<-data.frame(matrix(data=NA, nrow = channels, ncol = 5)) 
  colnames(NLtable.ind.L)<-c("Filename","fly","LD","boutnum","boutlen") 
  NLtable.ind.L$Filename <- gsub(".csv","",files[n]) 
  NLtable.ind.L$fly <- paste("fly",c(1:channels),sep="") 
  NLtable.ind.D <- NLtable.ind.L 
  NLtable.ind.L$LD<-"L" 
  NLtable.ind.D$LD<-"D" 
 
  # boutnum12h boutlen12h 
  boutnum12h <- data.frame(matrix(data=NA, nrow = LDnum, ncol = channels)) 
  boutlen12h <- boutnum12h 
  for(x in c(1:LDnum)){ 
    tag.act <- allact[c((60*12*(x-1)+1):(60*12*x)),] 
    for(i in c(1:channels)){ 
      allbout <- boutcal(tag.act[,i]) 
      boutnum12h[x,i] <- sum(allbout>=Sleep.dif) 
      boutlen12h[x,i] <- mean(allbout[allbout>=Sleep.dif]) 
    } 
  } 
   
  # Average during 3days 
  NLtable.ind.L$boutnum <- apply(boutnum12h[c(1,3,5),],2,mean) 
  NLtable.ind.L$boutlen <- apply(boutlen12h[c(1,3,5),],2,mean, na.rm = TRUE)  
  NLtable.ind.D$boutnum <- apply(boutnum12h[c(2,4,6),],2,mean)  
  NLtable.ind.D$boutlen <- apply(boutlen12h[c(2,4,6),],2,mean, na.rm = TRUE) 
   
  # Output 
  setwd(output.dir) 
  NLtable.ind <- rbind(NLtable.ind.L,NLtable.ind.D) 
  colnames(NLtable.ind)<-c("Filename","fly","LD","sleep bout number","sleep bout length 
(min)") 
  write.csv(NLtable.ind, 
            row.names = FALSE, 






Appendix 7  Custom R script for the calculation of total activity under fed 
and starved conditions from DAM data collected during 12-h period. 
 
# Calculation of total activity under fed and starved conditions from DAM data during 12-h 
period. 
# Waking activity under fed and starved condition were calculated manually. 
 
# Fed flies: 1-16 channels, Starved flies:17-32 channels 
 
# Input: 12hDAMdata(csv) 
# Output: SUMact.FS 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






for(n in 1:length(files)){ 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
   
  # SUMact.table 
  SUMtable.ind<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(SUMtable.ind)<-c("Filename","fly","Food","SUMact") 
  SUMtable.ind$Filename <- gsub(".csv","",files[n]) 
  SUMtable.ind$fly <- paste("fly",c(1:channels),sep="") 
  SUMtable.ind$Food <- rep(c("F","S"), each = channels/2) # fly1-16 = Fed , fly17-32 = Starved 
 
  # SUMact 
  SUMtable.ind$SUMact <- apply(allact,2,sum) 
 
  # Output 
  setwd(output.dir) 
  SUMtable.ind1 <- SUMtable.ind 
  colnames(SUMtable.ind1)<-c("Filename","fly","Food","Total activity (counts)") 
  write.csv(SUMtable.ind1, 
            row.names = FALSE, 
            paste("SUMact.FS_",files[n],sep="") 





Appendix 8  Custom R script for the calculation of five-min standard sleep 
under fed and starved conditions from DAM data collected during 12-h period. 
 
Appendix 8-1  Defined function for the calculation of five-min standard 
sleep under fed and starved conditions from DAM data collected during 12-h 
period. 
 
# sleep.dec(action=act.vectors, dif = sleep definition number) 
# Decide sleep act:A sleep:S 
# Return decision A or S as vector 
 
sleep.dec<-function(act, dif){ 
   
  sleepDAMdata<-rep(NA, length(act)) 
  bout <- 0 
   
  for(n in 1:length(act)){ 
     
    if(is.na(sum(act))){break} 
     
    if(n != length(act)){ 
      if(act[n]==0){  
        bout <- bout + 1  
      }else{  
        sleepDAMdata[n] <- "A"  
        if(bout != 0){  
          if(bout >= dif){  
            sleepDAMdata[c((n - bout):(n - 1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n - 1))] <- "A" 
          } 
          bout <- 0 
        } 
      } 
    } 
     
    if(n == length(act)){  
       
      if(act[n]==0){ 
        bout <- bout + 1 
         
        if(bout >= dif){ 
          sleepDAMdata[c((n - bout -1):(n))] <- "S" 
        }else{ 
          sleepDAMdata[c((n - bout -1):(n))] <- "A" 
        } 
         
      }else{ 
        sleepDAMdata[n] <- "A" 
         
        if(bout != 0){  
          if(bout >= dif){ 
            sleepDAMdata[c((n - bout):(n-1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n-1))] <- "A" 
          } 
        } 
         
      } 
       
      bout <- 0 
    } 
     
  } 
   





# sleep.cal(AS.seq = sleepDAMdata) 
# Decide sleep act:A sleep:S 
# Return number of S 
 
sleep.cal<-function(AS.seq){ 
  sleep <- sum(AS.seq=="S") 




Appendix 8-2  Converting DAM data to sleep DAM data for the calculation of 
five-min standard sleep under fed and starved conditions from DAM data 
collected during 12-h period. 
 
# Deciding sleep-bouts or active-bouts for each 1 min from DAM data collected during 12-h 
period. 
 
# Fed flies: 1-16 channels, Starved flies:17-32 channels 
 
# Input: 12hDAMdata(csv) 
# Output: sleepDAMdata.FS 
# Function: sleep.dec 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






Sleep.dif <- 5 # Sleep is 5 min or longer inactive-bouts. 
 
for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE)  
  sleepDAMdata <- alldata 
  sleepDAMdata[,c(13:(length(alldata[1,])))] <- NA 
   
  for(i in c(13:(length(alldata[1,])))){ 
    act <- as.vector(alldata[,i]) 
    if(is.na(sum(act)) | sum(act)==0){next}  
    sleepDAMdata[,i] <- sleep.dec(act, Sleep.dif) 
  } 
   
  # Output 
  setwd(output.dir) 
  write.table(sleepDAMdata, 
              paste(Sleep.dif, "sleepDAMdata.FS_", files[n], sep=""), 
              col.name = FALSE, 
              row.names = FALSE, 





Appendix 8-3  Calculation of total time in sleep for the calculation of 
five-min standard sleep under fed and starved conditions from DAM data 
collected during 12-h period. 
 
# Calculation of total time in sleep under fed and starved conditions from sleep DAM data 
during 12-h period. 
 
# Fed flies: 1-16 channels, Starved flies:17-32 channels 
 
# Input: sleepDAMdata.FS 
# Output: sleep.FS 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
 
  # Sleeptable.ind 
  sleeptable.ind<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(sleeptable.ind)<-c("Filename","fly","Food","sleep") 
  sleeptable.ind$Filename <- gsub(".csv","",files[n]) 
  sleeptable.ind$fly <- paste("fly",c(1:channels),sep="") 
  sleeptable.ind$Food <- rep(c("F","S"), each = channels/2) # fly1-16 = Fed , fly17-32 = 
Starved 
   
  # sleep 
  sleeptable.ind$sleep <- apply(allact,2,sleep.cal) 
   
  # Output 
  setwd(output.dir) 
  sleeptable.ind1 <- sleeptable.ind 
  colnames(sleeptable.ind1) <- c("Filename","fly","Food","Sleep (min)") 
  write.csv(sleeptable.ind1, 
            row.names = F, 
            gsub("5sleepDAMdata.FS","sleep.FS", files[n]) 





Appendix 9  Custom R script for the calculation of sleep bout number and 
length under fed and starved conditions from DAM data collected during 12-h 
period. 
 
Appendix 9-1  Defined function for the calculation of sleep bout number and 




# Calculate bout of "action" 
# Return each bout length as vector 
 
boutcal<-function(action){ 
  if(is.na(sum(action))){ 
    bout<-NA 
    return(bout) 
  }else{ 
    for(a in 1:length(action)){ 
      if(a==1){ 
        L<-0; bout<-NA 
        if(action[a]==0){L<-L+1} 
      } 
       
      if ((1<a)&&(a<length(action))){ 
        if(action[a]==0){ 
          L<-L+1 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L; L<-0}else{bout<-c(bout,L); L<-0}} 
        } 
      } 
       
      if(a==length(action)){ 
        if(action[a]==0){ 
          if(is.na(sum(bout))){bout<-L+1}else{L<-L+1;bout<-c(bout,L)} 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L}else{bout<-c(bout,L)}} 
        } 
      } 
    } 
    return(bout) 
  } 
} 
  
Appendix 9-2  Calculation of sleep bout number and length for the 
calculation of sleep bout number and length under fed and starved conditions 
from DAM data collected during 12-h period. 
 
# Calculation of sleep bout number and sleep bout length under fed and starved conditions from 
DAM data during 12-h period. 
 
# Fed flies: 1-16 channels, Starved flies:17-32 channels 
 
# Input: 12hDAMdata(csv) 
# Output: NL.FS (sleep bout number & sleep bout length table) 
# Function: boutcal 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






Sleep.dif <- 5 # Sleep is 5 min or longer inactive-bouts. 
 
for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
   
  channels <- length(allact[1,]) 
   
  # NLtable 
  NLtable.ind<-data.frame(matrix(data=NA, nrow = channels, ncol = 5)) 
  colnames(NLtable.ind)<-c("Filename", "fly", "Food", "boutnum", "boutlen") 
  NLtable.ind$Filename <- gsub(".csv","",files[n]) 
  NLtable.ind$fly <- paste("fly",c(1:channels),sep="") 
  NLtable.ind$Food <- rep(c("F","S"), each = channels/2) # fly1-16 = Fed , fly17-32 = Starved 
   
  # boutnum boutlen 
  for(i in c(1:channels)){ 
    allbout <- boutcal(allact[,i]) 
    NLtable.ind$boutnum[i] <- sum(allbout>=Sleep.dif) 
    NLtable.ind$boutlen[i] <- mean(allbout[allbout>=Sleep.dif]) 
  } 
   
  # Output 
  setwd(output.dir) 
  NLtable.ind1 <- NLtable.ind 
  colnames(NLtable.ind1)<-c("Filename","fly","Food","sleep bout number","sleep bout length 
(min)") 
  write.csv(NLtable.ind1, 
            row.names = FALSE, 
            paste("NL.FS_",files[n],sep="") 





Appendix 10  Custom R script for the calculation of survival time under 
starved condition from DAM data collected during 140 h. 
 
# Calculation of survival time (min) under starved condition from DAM data collected during 
140 h. 
 
# Fed flies: 1-16 channels, Starved flies:17-32 channels 
 
# Input: 140hDAMdata(csv) 
# Output: ST.FS (Survival time) 
# 140h DAMdata = DAM data from the start of the measurements to 140 h later. 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
   
  # STtable.ind 
  STtable.ind<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(STtable.ind)<-c("Filename","fly","Food","minalive") 
  STtable.ind$Filename <- gsub(".csv","",files[n]) 
  STtable.ind$fly <- paste("fly",c(1:channels),sep="") 
  STtable.ind$Food <- rep(c("F","S"), each = channels/2) # fly1-16 = Fed , fly17-32 = Starved 
     
  for(i in c(1:channels)){ 
    act <- as.vector(allact[,i]) 
    if((is.na(act[1])) | (i<=16)){next} # minalive of fed flies were not calculated. 
    for (ST in c((length(act):1))) { 
      if(act[ST] != 0){ 
        STtable.ind$minalive[i] <- ST 
        break 
      } 
    } 
  } 
   
  # Output 
  setwd(output.dir) 
  STtable.ind1 <- STtable.ind 
  colnames(STtable.ind1)<-c("Filename","fly","Food","Survival time (min)") 
  write.csv(STtable.ind1, 
            row.names = F, 
            paste("ST.FS_",files[n],sep="") 






Appendix 11  Custom R script for the calculation of SPMD in the light and 
dark periods from DAM data collected during 3 days. 
 
Appendix 11-1  Defined function for the calculation of SPMD in the light and 
dark periods from DAM data collected during 3 days. 
 
# makedir(newdir="foldername") 
# Make new folder in working directory 
# Return newfolder directory 
 
makedir<-function(newdir){ 
  nowplace<-getwd() 
  dir.create(newdir) 





# Calculate bout of "action" 
# Return each bout length as vector 
 
boutcal<-function(action){ 
  if(is.na(sum(action))){ 
    bout<-NA 
    return(bout) 
  }else{ 
    for(a in 1:length(action)){ 
      if(a==1){ 
        L<-0; bout<-NA 
        if(action[a]==0){L<-L+1} 
      } 
       
      if ((1<a)&&(a<length(action))){ 
        if(action[a]==0){ 
          L<-L+1 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L; L<-0}else{bout<-c(bout,L); L<-0}} 
        } 
      } 
       
      if(a==length(action)){ 
        if(action[a]==0){ 
          if(is.na(sum(bout))){bout<-L+1}else{L<-L+1;bout<-c(bout,L)} 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L}else{bout<-c(bout,L)}} 
        } 
      } 
    } 
    return(bout) 





Appendix 11-2  Calculation of inactive-bout length distribution and SPMD in 
the light and dark periods from DAM data collected during 3 days. 
 
# Calculation of inactive-bout distribution and SPMD in the light and dark periods from DAM 
data collected during 3 days. 
 
# Input: 3dayDAMdata(csv) 
# Output: COUNTtable.L, COUNTtable.D, dentable.L, dentable.D. SPMD.LD 
# Function: makedir, boutcal 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 
output.dir<-paste(work.dir,"output",sep = "/") 
 
# Making directory 
setwd(output.dir) 
COUNTtable.L.dir <- makedir("COUNTtable.L") 
COUNTtable.D.dir <- makedir("COUNTtable.D") 
dentable.L.dir <- makedir("dentable.L") 
dentable.D.dir <- makedir("dentable.D") 







for(n in 1:length(files)){ 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))]  
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # COUNTtable 
  COUNTtable.L <- data.frame(matrix(data=NA,nrow=length(c(1:(12*60))),ncol=channels))  
  colnames(COUNTtable.L) <- rep(paste("fly",c(1:channels),sep="")) 
  COUNTtable.D <- COUNTtable.L 
  dentable.L <- COUNTtable.L 
  dentable.D <- COUNTtable.L 
   
  INDEX <- data.frame(matrix(data=c(1:(12*60)),nrow=length(c(1:(12*60))),ncol=1))  
  colnames(INDEX) <- "Length of inactive-bout (min)" 
                               
  # SPMDtable 
  SPMDtable.ind.L<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(SPMDtable.ind.L)<-c("Filename","fly","LD","SPMD") 
  SPMDtable.ind.L$Filename <- gsub(".csv","",files[n]) 
  SPMDtable.ind.L$fly <- rep(paste("fly",c(1:16),sep="")) 
  SPMDtable.ind.D <- SPMDtable.ind.L 
  SPMDtable.ind.L$LD<-"L" 
  SPMDtable.ind.D$LD<-"D" 
   
  for (i in 1:channels){ 
    act<-as.vector(allact[,i]) 
    if(is.na(sum(act))){next} 
     
    bout <- boutcal(act) 
    if(12*60<=max(bout)){next} # inactive-bout longer than 12-h 
     
    # COUNT.12h 
    COUNT.12h <- data.frame(matrix(data=NA, nrow = 12*60, ncol = LDnum)) 
    colnames(COUNT.12h) <- paste(rep(c("L","D"),3), rep(c(1:3),each=2), sep="") 
    for(x in 1:LDnum){ 
      tag.act <- act[c((60*12*(x-1)+1):(60*12*x))] 
      bouthist <- hist(boutcal(tag.act), breaks = c(0:(12*60))) 
      COUNT.12h[,x] <- bouthist$counts 
    } 
     
    # Sum frequency of 3days 
    COUNT.L <- apply(COUNT.12h[,c(1,3,5)],1,sum) 
    COUNT.D <- apply(COUNT.12h[,c(2,4,6)],1,sum) 
    COUNTtable.L[,i] <- COUNT.L 
    COUNTtable.D[,i] <- COUNT.D 
    dentable.L[,i] <- COUNT.L/sum(COUNT.L) 
    dentable.D[,i] <- COUNT.D/sum(COUNT.D) 
     
    # Caluculation of SPMD 
    # Light 12h 
    for(a in 2:length(COUNT.L)){ 
      if(sum(COUNT.L[c(a:length(COUNT.L))])==0){ # no SPMD 
        SPMDtable.ind.L$SPMD[i] <- NA 
      }else{ 
        if(COUNT.L[a] > COUNT.L[a-1]){ 
          SPMDtable.ind.L$SPMD[i] <- a 
          break 
        }         
      } 
    } 
    # Dark 12h 
    for(a in 2:length(COUNT.D)){ 
      if(sum(COUNT.D[c(a:length(COUNT.D))])==0){ # no SPMD 
        SPMDtable.ind.D$SPMD[i] <- NA 
      }else{ 
        if(COUNT.D[a] > COUNT.D[a-1]){ 
          SPMDtable.ind.D$SPMD[i] <- a 
          break 
        }         
      } 
    } 
  } 
 
  # Output 
  # COUNTtable.L 
  setwd(COUNTtable.L.dir) 
  write.csv(cbind(INDEX, COUNTtable.L), 
            row.names = FALSE, 
            paste("COUNTtable.L_", files[n], sep="")) 
   
  # COUNTtable.D 
  setwd(COUNTtable.D.dir) 
  write.csv(cbind(INDEX, COUNTtable.D), 
            row.names = FALSE, 
            paste("COUNTtable.D_", files[n], sep="")) 
   
  # dentable.L 
  setwd(dentable.L.dir) 
  write.csv(cbind(INDEX, dentable.L), 
            row.names = FALSE, 
            paste("dentable.L_", files[n], sep="")) 
   
  # dentable.D 
  setwd(dentable.D.dir) 
  write.csv(cbind(INDEX, dentable.D), 
            row.names = FALSE, 
            paste("dentable.D_", files[n], sep="")) 
   
  # SPMD.LD 
  setwd(SPMD.LD.dir) 
  SPMDtable.ind <- rbind(SPMDtable.ind.L,SPMDtable.ind.D) 
  colnames(SPMDtable.ind)<-c("Filename","fly","LD","SPMD (min)") 
  write.csv(SPMDtable.ind, 
            row.names = FALSE, 





Appendix 12  Custom R script for the calculation of SPMD under fed and 
starved conditions from DAM data collected during 12-h period. 
 
Appendix 12-1  Defined function for the calculation of SPMD under fed and 
starved conditions from DAM data collected during 12-h period. 
 
# makedir(newdir="foldername") 
# Make new folder in working directory 
# Return newfolder directory 
 
makedir<-function(newdir){ 
  nowplace<-getwd() 
  dir.create(newdir) 





# Calculate bout of "action" 
# Return each bout length as vector 
 
boutcal<-function(action){ 
  if(is.na(sum(action))){ 
    bout<-NA 
    return(bout) 
  }else{ 
    for(a in 1:length(action)){ 
      if(a==1){ 
        L<-0; bout<-NA 
        if(action[a]==0){L<-L+1} 
      } 
       
      if ((1<a)&&(a<length(action))){ 
        if(action[a]==0){ 
          L<-L+1 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L; L<-0}else{bout<-c(bout,L); L<-0}} 
        } 
      } 
       
      if(a==length(action)){ 
        if(action[a]==0){ 
          if(is.na(sum(bout))){bout<-L+1}else{L<-L+1;bout<-c(bout,L)} 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L}else{bout<-c(bout,L)}} 
        } 
      } 
    } 
    return(bout) 





Appendix 12-2  Calculation of inactive-bout length distribution and SPMD 
under the fed and starved conditions from DAM data collected during 12-h 
period. 
 
# Calculation of inactive-bouts distribution and SPMD under fed and starved conditions from 
DAM data during 12-h period. 
 
# Fed flies: 1-16 channels, Starved flies:17-32 channels 
 
# Input: 12hDAMdata(csv) 
# Output: COUNTtable.F, COUNTtable.S, dentable.F, dentable.S. SPMD.FS 
# Function: makedir, boutcal 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 
output.dir<-paste(work.dir,"output",sep = "/") 
 
# Making directory 
setwd(output.dir) 
COUNTtable.F.dir <- makedir("COUNTtable.F") 
COUNTtable.S.dir <- makedir("COUNTtable.S") 
dentable.F.dir <- makedir("dentable.F") 
dentable.S.dir <- makedir("dentable.S") 







for(n in 1:length(files)){ 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))]  
 
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # COUNTtable 
  COUNTtable <- data.frame(matrix(data=NA,nrow=length(c(1:(12*60))),ncol=channels))  
  colnames(COUNTtable) <- rep(paste("fly",c(1:channels),sep="")) 
  dentable <- COUNTtable 
 
  INDEX <- data.frame(matrix(data=c(1:(12*60)),nrow=length(c(1:(12*60))),ncol=1))  
  colnames(INDEX) <- "Length of inactive-bout (min)" 
                               
  # SPMDtable 
  SPMDtable<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(SPMDtable)<-c("Filename","fly","Food","SPMD") 
  SPMDtable$Filename <- gsub(".csv","",files[n]) 
  SPMDtable$fly <- rep(paste("fly",c(1:channels),sep="")) 
  SPMDtable$Food <- rep(c("F","S"), each = channels/2) # fly1-16 = Fed , fly17-32 = Starved 
   
  for (i in 1:channels){ 
    act<-as.vector(allact[,i]) 
    if(is.na(sum(act))){next} 
     
    bout <- boutcal(act) 
    if(12*60<=max(bout)){next} # inactive-bout longer than 12-h 
     
    bouthist <- hist(boutcal(act), breaks = c(0:(12*60))) 
    COUNT <- bouthist$counts 
 
    # frequency of 3days 
    COUNTtable[,i] <- COUNT 
    dentable[,i] <- COUNT/sum(COUNT) 
 
    # Caluculation of SPMD 
    for(a in 2:length(COUNT)){ 
      if(sum(COUNT[c(a:length(COUNT))])==0){ # no SPMD 
        SPMDtable$SPMD[i] <- NA 
      }else{ 
        if(COUNT[a] > COUNT[a-1]){ 
          SPMDtable$SPMD[i] <- a 
          break 
        }         
      } 
    } 
  } 
 
  # Output 
  # fly1-16 = Fed , fly17-32 = Starved 
  # COUNTtable.F 
  setwd(COUNTtable.F.dir) 
  write.csv(cbind(INDEX, COUNTtable[,c(1:16)]), 
            row.names = FALSE, 
            paste("COUNTtable.F_", files[n], sep="")) 
   
  # COUNTtable.S 
  setwd(COUNTtable.S.dir) 
  write.csv(cbind(INDEX, COUNTtable[,c(17:32)]), 
            row.names = FALSE, 
            paste("COUNTtable.S_", files[n], sep="")) 
   
  # dentable.F 
  setwd(dentable.F.dir) 
  write.csv(cbind(INDEX, dentable[,c(1:16)]), 
            row.names = FALSE, 
            paste("dentable.F_", files[n], sep="")) 
   
  # dentable.S 
  setwd(dentable.S.dir) 
  write.csv(cbind(INDEX, dentable[,c(17:32)]), 
            row.names = FALSE, 
            paste("dentable.S_", files[n], sep="")) 
   
  # SPMD.FS 
  setwd(SPMD.FS.dir) 
  SPMDtable1 <- SPMDtable 
  colnames(SPMDtable1)<-c("Filename","fly","Food","SPMD (min)") 
  write.csv(SPMDtable1, 
            row.names = FALSE, 





Appendix 13  Custom R script for the calculation of SPMD-based sleep in the 
light and dark periods from DAM data collected during 3 days. 
 
Appendix 13-1  Defined function for the calculation of SPMD-based sleep in 
the light and dark periods from DAM data collected during 3 days. 
 
# makedir(newdir="foldername") 
# Make new folder in working directory 
# Return newfolder directory 
 
makedir<-function(newdir){ 
  nowplace<-getwd() 
  dir.create(newdir) 






# Calculate bout of "action" 
# Return each bout length as vector 
 
boutcal<-function(action){ 
  if(is.na(sum(action))){ 
    bout<-NA 
    return(bout) 
  }else{ 
    for(a in 1:length(action)){ 
      if(a==1){ 
        L<-0; bout<-NA 
        if(action[a]==0){L<-L+1} 
      } 
       
      if ((1<a)&&(a<length(action))){ 
        if(action[a]==0){ 
          L<-L+1 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L; L<-0}else{bout<-c(bout,L); L<-0}} 
        } 
      } 
       
      if(a==length(action)){ 
        if(action[a]==0){ 
          if(is.na(sum(bout))){bout<-L+1}else{L<-L+1;bout<-c(bout,L)} 
        }else{ 
          if(action[a-1]==0){if(is.na(sum(bout))){bout<-L}else{bout<-c(bout,L)}} 
        } 
      } 
    } 
    return(bout) 





# sleep.dec(action=act.vectors, dif = sleep definition number) 
# Decide sleep act:A sleep:S 
# Return decision A or S as vector 
 
sleep.dec<-function(act, dif){ 
   
  sleepDAMdata<-rep(NA, length(act)) 
  bout <- 0 
   
  for(n in 1:length(act)){ 
     
    if(is.na(sum(act))){break} 
     
    if(n != length(act)){ 
      if(act[n]==0){  
        bout <- bout + 1  
      }else{  
        sleepDAMdata[n] <- "A"  
        if(bout != 0){  
          if(bout >= dif){  
            sleepDAMdata[c((n - bout):(n - 1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n - 1))] <- "A" 
          } 
          bout <- 0 
        } 
      } 
    } 
     
    if(n == length(act)){  
       
      if(act[n]==0){ 
        bout <- bout + 1 
         
        if(bout >= dif){ 
          sleepDAMdata[c((n - bout -1):(n))] <- "S" 
        }else{ 
          sleepDAMdata[c((n - bout -1):(n))] <- "A" 
        } 
         
      }else{ 
        sleepDAMdata[n] <- "A" 
         
        if(bout != 0){  
          if(bout >= dif){ 
            sleepDAMdata[c((n - bout):(n-1))] <- "S" 
          }else{ 
            sleepDAMdata[c((n - bout):(n-1))] <- "A" 
          } 
        } 
         
      } 
       
      bout <- 0 
    } 
     
  } 
   





# sleep.cal(AS.seq = sleepDAMdata) 
# Decide sleep act:A sleep:S 
# Return number of S 
 
sleep.cal<-function(AS.seq){ 
  sleep <- sum(AS.seq=="S") 




Appendix 13-2  Calculation of inactive-bout length distribution and SPMD in 
the light and dark periods from DAM data collected during 3 days. 
 
# Calculation of inactive-bout distribution and SPMD in the light and dark periods from DAM 
data collected during 3 days. 
 
# Input: 3dayDAMdata(csv) 
# Output: COUNTtable.L, COUNTtable.D, dentable.L, dentable.D. SPMD.LD 
# Function: makedir, boutcal 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 
output.dir<-paste(work.dir,"output",sep = "/") 
 
# Making directory 
setwd(output.dir) 
COUNTtable.L.dir <- makedir("COUNTtable.L") 
COUNTtable.D.dir <- makedir("COUNTtable.D") 
dentable.L.dir <- makedir("dentable.L") 
dentable.D.dir <- makedir("dentable.D") 







for(n in 1:length(files)){ 
  setwd(input.dir) 
  alldata<-read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))]  
   
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # COUNTtable 
  COUNTtable.L <- data.frame(matrix(data=NA,nrow=length(c(1:(12*60))),ncol=channels))  
  colnames(COUNTtable.L) <- rep(paste("fly",c(1:channels),sep="")) 
  COUNTtable.D <- COUNTtable.L 
  dentable.L <- COUNTtable.L 
  dentable.D <- COUNTtable.L 
   
  INDEX <- data.frame(matrix(data=c(1:(12*60)),nrow=length(c(1:(12*60))),ncol=1))  
  colnames(INDEX) <- "Length of inactive-bout (min)" 
   
  # SPMDtable 
  SPMDtable.ind.L<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(SPMDtable.ind.L)<-c("Filename","fly","LD","SPMD") 
  SPMDtable.ind.L$Filename <- gsub(".csv","",files[n]) 
  SPMDtable.ind.L$fly <- rep(paste("fly",c(1:16),sep="")) 
  SPMDtable.ind.D <- SPMDtable.ind.L 
  SPMDtable.ind.L$LD<-"L" 
  SPMDtable.ind.D$LD<-"D" 
   
  for (i in 1:channels){ 
    act<-as.vector(allact[,i]) 
    if(is.na(sum(act))){next} 
     
    bout <- boutcal(act) 
    if(12*60<=max(bout)){next} # inactive-bout longer than 12-h 
     
    # COUNT.12h 
    COUNT.12h <- data.frame(matrix(data=NA, nrow = 12*60, ncol = LDnum)) 
    colnames(COUNT.12h) <- paste(rep(c("L","D"),3), rep(c(1:3),each=2), sep="") 
    for(x in 1:LDnum){ 
      tag.act <- act[c((60*12*(x-1)+1):(60*12*x))] 
      bouthist <- hist(boutcal(tag.act), breaks = c(0:(12*60))) 
      COUNT.12h[,x] <- bouthist$counts 
    } 
     
    # Sum frequency of 3days 
    COUNT.L <- apply(COUNT.12h[,c(1,3,5)],1,sum) 
    COUNT.D <- apply(COUNT.12h[,c(2,4,6)],1,sum) 
    COUNTtable.L[,i] <- COUNT.L 
    COUNTtable.D[,i] <- COUNT.D 
    dentable.L[,i] <- COUNT.L/sum(COUNT.L) 
    dentable.D[,i] <- COUNT.D/sum(COUNT.D) 
     
    # Caluculation of SPMD 
    # Light 12h 
    for(a in 2:length(COUNT.L)){ 
      if(sum(COUNT.L[c(a:length(COUNT.L))])==0){ # no SPMD 
        SPMDtable.ind.L$SPMD[i] <- NA 
      }else{ 
        if(COUNT.L[a] > COUNT.L[a-1]){ 
          SPMDtable.ind.L$SPMD[i] <- a 
          break 
        }         
      } 
    } 
    # Dark 12h 
    for(a in 2:length(COUNT.D)){ 
      if(sum(COUNT.D[c(a:length(COUNT.D))])==0){ # no SPMD 
        SPMDtable.ind.D$SPMD[i] <- NA 
      }else{ 
        if(COUNT.D[a] > COUNT.D[a-1]){ 
          SPMDtable.ind.D$SPMD[i] <- a 
          break 
        }         
      } 
    } 
  } 
   
  # Output 
  # COUNTtable.L 
  setwd(COUNTtable.L.dir) 
  write.csv(cbind(INDEX, COUNTtable.L), 
            row.names = FALSE, 
            paste("COUNTtable.L_", files[n], sep="")) 
   
  # COUNTtable.D 
  setwd(COUNTtable.D.dir) 
  write.csv(cbind(INDEX, COUNTtable.D), 
            row.names = FALSE, 
            paste("COUNTtable.D_", files[n], sep="")) 
   
  # dentable.L 
  setwd(dentable.L.dir) 
  write.csv(cbind(INDEX, dentable.L), 
            row.names = FALSE, 
            paste("dentable.L_", files[n], sep="")) 
   
  # dentable.D 
  setwd(dentable.D.dir) 
  write.csv(cbind(INDEX, dentable.D), 
            row.names = FALSE, 
            paste("dentable.D_", files[n], sep="")) 
   
  # SPMD.LD 
  setwd(SPMD.LD.dir) 
  SPMDtable.ind <- rbind(SPMDtable.ind.L,SPMDtable.ind.D) 
  colnames(SPMDtable.ind)<-c("Filename","fly","LD","SPMD (min)") 
  write.csv(SPMDtable.ind, 
            row.names = FALSE, 





Appendix 13-3  Converting DAM data to SPMD-based on sleep DAM data for the 
calculation of SPMD-based sleep in the light and dark periods from DAM data 
collected during 3 days. 
 
# Deciding sleep-bouts or active-bouts based on SPMD for each 1 min from DAM data collected 
during 3 days. 
 
# Input: 3dayDAMdata(csv), SPMD.dif 
# Output: SPMDsleepDAMdata 
# Function: sleep.dec 
 
# Make SPMD.dif as follows 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
# Make "01" and "02" folder under "Input" folder manually 
# "01" for 3dayDAMdata 
# "02" for SPMD 
 
work.dir<-getwd() 
input.DAM.dir<-paste(work.dir,"Input","01",sep = "/") 
input.SPMD.dir<-paste(work.dir,"Input","02",sep = "/") 






# Making SPMD.dif.csv 
# If you already have SPMD.dif.csv, put SPMD.dif.csv into "02" folder and go to next 
paragraph. 
setwd(input.SPMD.dir) 
template.SPMD.dif<-data.frame(matrix(data=NA, nrow = length(files.DAM), ncol = 3)) 
colnames(template.SPMD.dif) <- c("Filename","SPMD.L","SPMD.D") 
template.SPMD.dif$Filename <- gsub(".csv","",files.DAM) 
write.csv(template.SPMD.dif, 
          row.names = FALSE, 
          paste("SPMD.dif.csv",sep="")) 
cat(paste("Fill out the SPMD.L and SPMD.D in the SPMD.dif.csv for following calculation.\n", 
          "SPMD.L is SPMD in light period.\n", 
          "SPMD.D is SPMD in dark period.\n", 
          "SPMD must be integer.\n", 
          sep="")) 
# Fill out the "SPMD.L" and "SPMD.D" in the SPMD.dif.csv for following calculation. 
# "SPMD.L" is SPMD (integer) in light period. 
# "SPMD.D" is SPMD (integer) in dark period. 
 




SPMD.dif <- read.csv(files.SPMD[1],header=TRUE) 
 
for (n in 1:length(files.DAM)) { 
  setwd(input.DAM.dir) 
  alldata <- read.csv(files.DAM[n],header=FALSE) 
  sleepDAMdata <- alldata 
  sleepDAMdata[,c(13:(length(alldata[1,])))] <- NA 
   
  # Import SPMD 
  cond1 <- SPMD.dif$Filename == gsub(".csv", "", files.DAM[n]) 
  SPMD.L <- SPMD.dif$SPMD.L[cond1] 
  SPMD.D <- SPMD.dif$SPMD.D[cond1] 
   
  # Decide sleep in each 12h period. 
  for(y in c(1:(length(alldata[,1])/60/12))){  
    if(y%%2 == 1){Sleep.dif <- SPMD.L}else{Sleep.dif <- SPMD.D} 
     
    tag.alldata <- alldata[c((y*720-719):(y*720)),] 
     
    for(i in c(13:(length(tag.alldata[1,]))) ){ 
      act <- as.vector(tag.alldata[,i]) 
      if(is.na(sum(act))){next} 
      sleepDAMdata[c((y*720-719):(y*720)),i] <- sleep.dec(act, Sleep.dif) 
    } 
  } 
   
  # Output 
  setwd(output.dir) 
  write.table(sleepDAMdata, 
              paste("SPMDsleepDAMdata.LD_", files.DAM[n], sep=""), 
              col.name = FALSE, 
              row.names = FALSE, 





Appendix 13-4  Calculation of total time in SPMD-based sleep for the 
calculation of SPMD-based sleep in the light and dark periods from DAM data 
collected during 3 days. 
 
# Calculation of total time in SPMD-based sleep in the light and dark periods from DAM data 
collected during 3 days. 
 
# Input: SPMDsleepDAMdata 
# Output: SPMDsleep.LD 
# Function: sleep.cal 
 
 
# Set working directory manually. 
# Make "Input" and "Output" folders manually under the folder set as working directory. 
 
work.dir<-getwd() 
input.dir<-paste(work.dir,"Input",sep = "/") 






for (n in 1:length(files)) { 
  setwd(input.dir) 
  alldata <- read.csv(files[n],header=FALSE)  
  allact<-alldata[,c(13:length(alldata[1,]))] 
 
  channels <- length(allact[1,]) 
  total.min <- length(allact[,1]) 
  LDnum <- total.min/60/12 
   
  # sleeptable.table 
  sleeptable.ind.L<-data.frame(matrix(data=NA, nrow = channels, ncol = 4)) 
  colnames(sleeptable.ind.L)<-c("Filename","fly","LD","SPMDsleep") 
  sleeptable.ind.L$Filename <- gsub(".csv","",files[n]) 
  sleeptable.ind.L$fly <- rep(paste("x",c(1:16),sep="")) 
  sleeptable.ind.D <- sleeptable.ind.L 
  sleeptable.ind.L$LD<-"L" 
  sleeptable.ind.D$LD<-"D" 
   
  # sleep12h 
  sleep12h <- data.frame(matrix(data=NA, nrow = LDnum, ncol = channels)) 
  for(x in c(1:LDnum)){ 
    tag.act <- allact[c((60*12*(x-1)+1):(60*12*x)),] 
    sleep12h[x,] <- apply(tag.act,2,sleep.cal) 
  } 
   
  # Average during 3days 
  sleeptable.ind.L$SPMDsleep <- apply(sleep12h[c(1,3,5),],2,mean)  
  sleeptable.ind.D$SPMDsleep <- apply(sleep12h[c(2,4,6),],2,mean)  
   
  # Output 
  setwd(output.dir) 
  sleeptable.ind <- rbind(sleeptable.ind.L,sleeptable.ind.D) 
  colnames(sleeptable.ind) <- c("Filename","fly","LD","SPMD-based sleep(min)") 
  write.csv(sleeptable.ind, 
            row.names = FALSE, 
            gsub("sleepDAMdata.LD","sleep.LD", files[n])) 
} 
 
setwd(work.dir) 
